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* All Kinds of Ma- 
thematicks Theorical and 
Practical, are Taught by 
the Author, at his Houſe 
in Amen Corner, near 
Pater-Noſter-Now; where 
alſo Gentlemen may be 
Boarded. 


„ I do hereby en my own certain 


. Knowledge and frequent Experience, 


Recommend to all Lovers of Mathema- 
ticks and Judges of good Work, Mr. 
John Rowley Mathematical Inſtrument- 
Maker, under St. Danſtan's- Church in 
Fleet-Street : Who in all Reſpects makes 
the beſt Inſtruments J ever ſaw made 
by any one now living. 


John Harrs. 
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7 THE 
Epiſtle Dedicatory, 
= . TO THE - 
Learned and Ingenious 


John Bridge 's Eſq; 


' 


4 Sollicitor of the Cuſtoms. 


4 LD 
5 SES 2 n 
L — N 


, 
Dear SIR, 
HEN I conſider the ancient 
Date of our Friendſhip, and 


: reflect, as I always do with 
i / Pleaſure, on the many happy Hours we 
have ſpent together, and het too in Diſ- 
= courſes we need not now be aſham'd 
of: when I ſee ſtill in my Friend the 
lame. true Engliſb Honeſty and Integri- 
ty, the fame ſincere Love for Virtue and 


Honour, and the fame warm Affecti- 
on 


| The Epiſtle Dedicatory. 
f on for all uſeful and ſubſtantial Learn- 
ing, which at firſt made me juſtly Ad- 
| mire him and Devote my ſelf to him: 
When I conſider a Genius every way 
improv'd (and no way injur'd) by 
| Travels into Countries, from whence 
too many bring home nothing but Vice 
and Impertinence: And when I am fo 
Happy as to find by Experience, that 
even the hurry of Buſineſs it ſelf can- 
not make Mr. Bridges forget or neglect 
either Learning or his Friend: Thea 
would I gladly ſhew that IT am neither 
Unjuſt nor Ungrateful, but as doubly a 
Debtor both to your Merit and to your 
| Friendſhip, tell the World I have a 
due Senſe of both: Permit me then 
Dear Sir! to do it this way, and to con- 
| tinue, as I have long done, | 


1 
* = — 
Px 6.165" _ 
S —_— 


| Jour real Friend, 


and moſt obliged kaumble Servant, 


John Harris. 


F TO THE 

. His ſmall Tract of that admirable 
Science, Algebra, was written Pri- 

' marily for the Uſe of My Auditors at the 
Publick Mathematick Lecture: Which 

is ſet ap at the Marine Coffee-houſe in 
Birchin-Lane entirely for the Pablick 
Good, by the Generous Charles Cox Eſq; 
Member of Parliament, for the Burgh 
> of Southwark. | 
he Book « ſhort indeed, but I think 
plain enough every where, eſpecially in thoſe 
Parts which have been leſs Treated of in our 
3 own Language, viz. The Geometrical 
ij Conſtruction of Equations: Which I 
Have carried as far as to Biquadraticks, 
and have ſhen?d you plainly how to Conſtruct 
© all Equations not exceeding four Dimenfi- 
ont, by the help of 4 Circle interſecting the 
Curve ef a Parabola. | 

I have alſo Demonſtrated the Properties 


i of the Parabola on which thoſe Conſtructions 
; depend; 


"Fo the Reader. 


Mr. Baker's Central Rule. 
And becauſe I have not yet found it 


done by any one in the Englith Tongue, I 
have given you 4 * ort Account of of the N * 


ture and Algorit ron and one 


brief as poſſible I could, intendiag by it An 


to flir up the Readers Curioſity to peruſe 
thoſe excellent Treatiſes which I have there 
mentioned. And which when he hath done, 


I know I ſhall have his thanks for that little 


Sketch of Flaxions, which he will find. 
In the whole I have propoſed to my | 7 


there. 


4 to Inſtruct the Joung Engliſh B- 


 ginner, than to improve the Learned Pre. . 
ficient ;, 4s knowing that if I can but help © 
70 la a good ſubſtantial Foundation for him, 
his own Diligence and Application wil 'F 
raiſe the Structure to what hei right he pledſer 'F 


but without beginning right ( whic 


done. 


4 and have given you beſides, the 
ethod of the Inveſtigation of the Famous 


or two Inftances of their Uſe and Applica. * 
tion: But in this I have been deſignealy as 


oo commonly negletied ) ONE. is to be 4 


* £ . r * 
| SEE ITS © 


4 
3. Fa 
*4. 
* 
16 
22 
"_ 
15 
3 
3 
4 
2 
* 
* 
17 


ALGEBRA. 


INTRODUCTION. 


HE Name Algebra, Dr. Walls acquaints 
us, is Derived from the two firſt Words 
of Al-giabr, Wolmokabala, which in the 
Arabick Tongue — The Art of 
Reſtitution and Compariſon, or Art of Reſolution 
and Equation, It was unqueſtionably known to the 
Antient Grecians (for there are plain Footſteps of it in 
Theon upon Euclid, in Pappus, and eſpecially in Archi- 
medes and Apollonius) but it was ftudioufly conceal'd 
by them, kept as a gredt Secret. It was yet of 


more Ancient Uſe among the Arabians, who are ſup- 


2 to have received it from the Perſians, and they 
m the Indians, From the Arabs, the Moors and 


25; Faracens brought it into Spain: From whence it came 


| into England: As did allo the Uſe of the Numeral 


Figures, Mathematicks in general, and Aftronomy in 


particular, much about the ſame Time. The firſt Euro- 


8 bean Writer of Algebra was one Lucas de Burgo, of 


Lucas Pacciolus: His Book was Printed at Venice in 
Italian A. D. 1494. a good while before we knew any 
thing of Diopbantus. This Great Art, as Lucas de Bu- 
£9 and Cardam call it, may be defined, or _ — 
B Tila 


2 INTRODUCTION. 
ſcrib'd, to be An Analytical Way of Demonſtration, where 
aſſuming the Quantity ſought as if it were known and 
granted; by the belp of one or more Quantities really gi- 
ven or known, We proceed by Conſequences, till at la 
the Quantity firſt ſought, and only ſuppoſed to be known, 
in found equal to ſome real known Quantity, and ſo u it 
ſelf (of Conſequence) diſcover'd, 


2. The Quantity thus ſought is called the Root, 
which being unknown cannot be really Expreſs'd; but 
may be delignd by any Symbol or Character at plea- 
ſure. I (with moſt others) uſe Fowels for Unknown 
and Conſonants for Known, or given Quantities z as (4) 
or (e) for a Root ſought. Tho' des Cartes and his 
Followers and moſt Foreign Writers uſe the laſt Let- 
ters of the Alphabet x, , and ⁊, for unknown Quan- 
tities, and the former Letters as a, b, c, d, &c. for 
E non ones. 


3. The Art of Algebra doth much depend on the 
knowledge of ſome certain Quantities, by the Ancients 
called Caſſick Quantities, but moſt uſually Powers. 
Which Quantities ariſe from a Rank of Numbers in 
continual Proportion Geometrical, beginning from Uni- 
ty ; for every Term, but the firſt (or Unity) is call'd ſome 
Power, as in theſe, 1, 2, 4, 8, 16, 32, Oc. The firſt 
. Term (2) is the Koot or firſt Power; the ſecond Term 
i) is the Square or ſecond Power. The third Term 
Is) is the Cube or fourth Power, c. 

So in a Rank of Fractions Deſcending from Unity in 
the ſame Proportion: as 1,4, 4,4, +5, 134 Cc. the 
ſeveral Terms have alſo the ſame Names of Powers. 


4. Hence tis clear that any Number being taken as 
Noot, the ſecond. Power or Square will be produc'd 
., Multiplying the Root by it ſelf; the third Power 
be, by Multiplying the fecond Power by the Noot, 


5. If 


as, ” 


INTRODUCTION.  } 


5. If over ſuch a Rank of Numbers in Geometrical 
Proportion continued, there be placed a Series of 
Numbers beginning with (1) and proceeding orderly, 
as 1, 2, 3, 4, 5, 6, Cc. thoſe Numbers are properly 
called Indexes or Exponents: Becauſe they both ſhew 
the Order and Place of each Power; and alſo its Di- 
menſions: (i. e.) how often the Root is Multiplied into 
it ſelf to produce that Power: For as many Unites as 
are in the Exponent, ſo many Powers is that Number 
from Unity (v. g.) if the Index be 5, the Power un- 
der it, is the fifth Power, or the Biquadrate multiplied 
by the Root. 


6. The Summ ariſing from the Addition of any two 
Indexes makes another, ſhewing what Power would be 
produced by the Multiplication of the two Powers An- 
ſwering: So, that by adding them, Multiplication is 
made in the Numbers themſelves, on which depends tl - 
Nature and Uſe of the Logarithms : And ſo on the con- 
trary, Diviſion in the Correſponding Numbers An- 
ſwers to the Subtraction of the Indexes one fron: 
another. 


7. Powers from any Letter repreſenting the Root 
are Produced by repeatipg it ſo often as the Index oi 
the Power requires; ſo from the Root (a) the Square 
is (44) the Cube (444) the Biquadrate (4444) the 
fifth Power (44444) the ſixth (4 24444) the ſeventii 
(44442444) &c. or as Des Cartes by the Indexe; 
chuſes rather to exprels it, 43, 43, 4, a5, 46, 47, &c. 
which is ſhorter and more convenient in many Caſes. 


8. In a Rank of Fractional Numbers deſcending 
from Unity (as betore) the Indexes are all Negative 
and are imagined to have this Sign (—) betore them, 
hich is implied in Writing them FraQtion-« ite, thus; 


I, 2, 3, 4, 5, &c. 


B 2 9. Lil? 
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9. Like Quantities in Algebra are ſuch as are Ex- 
preſs'd by the ſame Letters equally repeated in each 
Quantity, as à and 4, band b, bc d and bc d. Unlike Qyan- 
| tities are ſuch as are either Expreſs d by different Let- 
g | ters, or by the ſame Letters unequally repeated, as 
| 
| 
| 
f 


4 and h: c and d: or a and 4 4: b and bbb, &c. 

Like Signs are, when they are all of the ſame Nature, 
as all Poſitive or all Negative, 

Unlike Signs are, when ſome of them are Paſitive or 
Allirmatives, and others Negative. 

| Simple Quantities are ſuch as conſiſt of but one Mem- 
1 ber; but Compound ones are ſuch as are Compounded of 
two or more Members Connected by the Signs or —. 

Coefficents are, ſuch Numbers as are prefixed before 
| any Letters: As in 54, 7c. The Coefficents are 5 
''F and 7; They are ſo called, becauſe they are ſuppoſed 
| | to help make a Product or Rectangle, with the Quanti- 
5 ty Expreſs'd by thoſe Letters; As will be farther Ex- 
plained hereafter. 

All Quantities expreſs'd by Letters which have no 
Number prefix'd before them, are ſuppoſed to have 
1. for a Coefficient : B2cauſe every thing contains it ſelf 
once: Thus, bis the ſame as 16. 

If a Letter or Quantity have not the Negative Sign 
— before it, tis always ſuppoſed to have the Affirma- 


tive one . 


5 


* 
- - 1 — 3 


* — 1 


ADDITION, 


DDITION in Algebra or Species, is per- 

| A formed in general, by conjoining the Quan- 

tities propos'd, preſerving their proper 

= Signs. And the proper Mark or Sign of 

Addition is 4- ; Which is always ſuppoſed to belong 
to the Quantity which follows it. 


„ on the Summ is 34424 or 54. and 


A + 2b when added to C makes A+-C+26 
+566, 

Addition in Algebra may eaſily be learnt by obſer- 
ving the following particular Rules. 


RULE I. 


When Simple and Like Integers having Like Signs are 
to bs added, collect the Numbers (or Coefficients) all 

into one Summ, and to that Summ annex the Letters 
by which any of the Quantities was expreſs'd, and 


= laſtly perfix the proper Sign. 

Thus — 5 and bed and — 36 de 
5 — 25 2 bed — 44e 
Ry — ＋4 0 

make — 35 — — gode 
= | make 7bcd 


RULE 


6 ADDITION. 
nn. 


When two Simple and Like Quantities have equal 
Numbers prefixt, and unlike Signs, the Summ is o. 


Thus, +34 and — bb and — 7dce 
—34 +66 +-74ce 
O0 00 OO 


N. B. The Reaſon of which is plain, if you con- 
ſider that all Quantities having negative Signs, 
are in Nature directly contrary to ſuch as 
have Affirmative ones: And therefore will al- 
ways deftroy one another. Thus, if a Man have 
10 pounds in Caſh, and run in Debt 101. that 

p is, if to his Caſh he add a— 101. (which is 

| the proper way to expreſs a Debt) there will 
remain nothing: For the Debt or — 101, will 
deſtroy the Caſh or + 10. Soallo if a Man 
owe 1ol. and have nothing to pay it; then 
hath he a — 10. or is 101. worſe than no- 
thing: And if any Perſon give him 10 J. or add 
a+ 101. to his — lol. the Summ will be no- 
thing, but however the Man will, tho' worth 
nothing, be 10 J. better than he was beſore. 


So that 'tis a general Rule in Algebra, that to add 
— is the ſame as to take away +, and to take away 
— is the ſame thing as to add +, and to take away + 
35 all one as to add —. 


RULE II. 


When two Simple and like Quantities are given, 
having unlike Signs, and unequal Numbers prefixt : 
ſubtract the leſſer Qantity from the greater, and P 

| 


. 


ADDITION, 5 
the Remainder annex the Letters due, prefixing the 
Sign that belongs to the greater Quantity. 


Thus 4 and — 85 
221 ＋ 20 
+24 — 6b 


The Reaſon of which is clear from what was ſaid in 
the N. B. of the laſt Rule. 5 


RULE IV. 


When three or more Simple and like Quantities 
have unlike Signs, Collect the Affirmative Quantities 
into one Summ, and the Negative into another, then 
proceed as in the third Rule; and the difference be- 
tween them is the Summ ſought. : 


RULE V. 


When two or more Simple and unlike Quantities wwe 


Y are propoſed ; Write them down one after another 


without altering their Signs. 
Thus, 34 
46 
+34+46 


From 


8 ADDITION. 


From the due Apprehenſion of and mature Conſide - 
ration on which Rules, the Addition of Compound 
Quantities may be eaſily performed. Thus, 


+3ee+76bb 


— ee — 255 


+ #f+3ff. 


Summ, 3ee+7Tbb—ee—26b 
Contracted +2ee+55b6+4ff. 


Addition of Indexes is performed after the ſame 
Manner as that of Algebraical Quantities. 
Thus to 3 add 3 the Summ is 6; where both are the 


Indexes of Integer Numbers: But to 3 add 2 the Summ 


will be 11 to add 3, the Summ will be 2, Oc. 


6606 


hi 
„ 


9 


he 


= 
- * - 3 
8 A oo 3 3 N 2 4B . - 
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© there will remain nothing but 8 fg. 
W = 


SUBTRACTION. 


UVBTR ACTION in the General, is 2 A 

lefſer Quantity out of a greater, in order to find 

the Difference between them, which Difference 
is in Common Arithmetick, uſually cally call'd the Re- 
mainder, as the leſſer Quantity to be Subtracted, is 
call'd the Subtrabend. The Difference is uſually No- 
ted with x or d. 

The general Mark or Sign of Subtrattion in Algebra 
is — , which when ever it comes between two Quan- 
tities, belongs to the latter of them. 

Fubtraction in Algebra is perform'd by conjoining the 
Magnitudes propoſed together, but always changing 
the Signs of the Subtrahend. 


Thus, if from 4 4 you would Subtract 2; by chang- 
ing the Sign of the Subtrahend, it will ſtand thus, 


44—4= 34, or thus, 44 
— 
9229 


So alſo if from 66 54 b b＋4 fg, you were to 


- © Subtract 6b—54bb—4qfg; there would remain 

== only 8 fg, for from 6b6—54bb—4 fg, taking the 
= fame Quantities by changing of their Signs, or adding 
them to it with their Signs already chang d, and Com- 


paring and Contracting them as taught in Addition, 


Far 


« Lo "OO 


* * 


2  —— - DIO „ 
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10 SUBTRACTION. 


For to Subtract + is the ſame as to add — and to 
Subtract — is all one as to add +, 

The Reaſon of which will be plain from the Inſtance 
given in the N. B. of Addition, and now applyed to 
Subtraction, Suppoſe a Man have but 101. in Caſh ; 
"tis plain that if from him you take 101. he can have 
nothing left, which is Common Subtraction. Or if 
you make him run into Debt 101. that is, add to his 
real Caſh a — 101, he will ſtill be worth nothing in 
Reality. But if any one will pay that 10 J. for him, 
or which 1s all one, rake away the Debt of 101, or Sub- 
tract the — 1c J. he doth as much ſervice as if he add- 
ed a real 101. to his Caſh. Wherefore all manner of 


Sndhtraftion in Compound Quantities may eaſily be per- 


torm'd by only obſerving the general Rule of Subtracti- 
on, to change all the Signs of the Suptrahend; and 
then comparing the ſeveral Members together and 
Contracting them. 

One Inſtance is enough: Suppoſe from 35d + 5 u 
— 72, you were to take 3od 5 un - 72, 
write them down one under another, changing all the 
Signs of the lower Rank. Thus, 


26d +5an—72bb 
—wd—5gnn472bb 
64 g 


And then comparing them together you will find 
all Deſtroy'd, or to Vaniſh by the contrariety of the 
Signs, but 5d, which therefore is the true Difference 
between thoſgz Quan tities. 

Subtraction of Indices is done as in Algebraick Quan- 
tities, by changing the Signs of the Subtrahend. Thus, 
if from 3, the Index of the Logarithm of an Integer 
Number, you take Z, the Index of the Logarithm of 
a Fraction, the Difference will be 5; if from 7 you 
take 2, the Remainder will ber; and from T taking 
2, the Difference will be J. 
1 ILT L 


MULTIPLICATION: 


F OR Alultiplication in Algebra, the General 


Rule is, to conjoin the Quantities propos d by 

the Sign of Multiplication (X). Which Sign, 
when the Quantities to be Multiplied are expreſs d by 
but one or two Letters, is uſually omitted, and the 
Quantities written down like Letters in a Word, as 
you will find below. 

The General Rule about the Signs is, that like Signs 
always give +, and unlike Signs, — in the Product. 
That is, if the Signs are either both Poſitive, or both 
Negative, the Product will always be Poſitive, but if 
one Factor be Poſitive and the other Negative, the 
Product is always Negative: The Reaſon of which 
follows below. 

In Algebraick Multiplication *tis moſt Commod ious 
to begin to Multiply at the left Hand, becauſe we 
write that way. | 


Particular Rules, 


I. If Two or more fingle Quantities expreſs'd by Let- 
ters whether Like or Vnlike, are to be Multiplied into 
one another, and have no Numbers or Coefficients 
perfixt, join them together like Letters ina Word. 


Thus, 4 Multiplied by b makes a5, and 
h and m2 0 


a 
by 4 by qpr 


— — — — 


Product abide Product magpgr 
22 II. Ir 


12 MULTIPLICATION. 


II. If two or more ſimple 1 whether Like 

or Unlike are to be Multiplied, and have Numbers or 
Coethcients before them, firſt Multiply the Coefficients 
one into another, and thea to the Product annex the 
1.=tters of both Quantities, ſo ſhall th? new Quantity 
be the true Produtt. | LEE 


Thus, if 34 were to be Multiplied by 4 6, the 


Product will be 12 46, 
36 mn 1 15 4 be 
by 4b by gdef 
product 144mnb Product 1354d becf 


III. The Multiplication of Compound Quantities 
depends entirely on the Preceding Rules ; only you 
muſt be ſure to Multiply every Member of one Factor 
into every one of the other, and obſerye the Rule 


above given about the Signs. Thus, 


4 ＋4— 6 
= 2 
product r -g -= -= D FT àe. 


IV. When one and the ſame Quantity is Multiplied 
by its ſelf, the Product is call'd the Square of that 
Quantity, and if that Square be Multiplied again by 
the Root, the Product is called the Cube, &c. And this 
way of producing the Powers of Numbers, is call'd by 
Dr. Pell and tome others, Involution. Se 


Thus; 4X by 4—=ax the Square, and 44X by 4 = 
444 the Cube or third Power, and 4 4 4 X A4 e ,G or 
4, the Biquadrat, Oc. EI 

"Tis the ſame thing in Compounds. 


a+ b 


— 3 4 1 7 Ly SS... 4 
wt Er ge Ge OCR 


Fd E 7 
x 7 
M 
= 
4 * 
1 
* 


* 
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a+b 
Y a+b 

: Product 44 +24b+bb= the Square of 4-6, and 
if that Square be Multiplied by 4 +6, it produces 
* aaa434ab+3bba4bbb, which is the Cube of 
a+b. 
| N. B. That, in Algebraic Multiplication like Signs 
| muft give a poſitive Product, and unlike Signs 
a Negative one, may be thus Demonſtrated, 


. 
Ld 


5 I. Since Multiplication is only adding one Factor (or 
the Multiplicand) to its ſelf as often as there are Unites 
in the other, or in the Multiplicator; therefore Mul- 

tiplying 4-, muft produce +; ſince the Summ ariſing 

A _— the Addition of Poſitive Quantities muſt be Po- 

= UtiVe. 


II. A Quantity with an Affirmative Sign, Multiply- 
ing one that hath a Negative one, muſt Produce a Ne- 
gatire Product; for 'tis only adding the Negative Fa- 
(cltor to it ſelf as often as there are Unites in the other. 
Nou, never ſo many Negatives added together will 
ſtill be Negative; and ſo the Product muſt have a Ne- 
Igative Sign, | 
ire TY ; © gives — 12 in the Produtt, becauſe 'tis 


only taking — 6 as often as there are 
—12 Unites in 2, i. e. twice; Therefore 
the Product muſt be — 12, | 


III. Negative Quantities Multiplying Poſitive ones, 
uſt produce a Negative Product; becaule, in this 
ale the Multiplicator having a Negative Sign, works 
n the Multiplicand by Subrraction z which therefore 
uk be Subtracted or made Negative (by changing 
= - = | — 


* * 
i 
* 


_— 
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14 MULTIPLICATION. 
its Sign) as often as there are Negative Unites in the 
Multiplier. Thus, if +6 be Multiplied by — 2 
the Product here alſo muſt be — 12; becauſe the 
Multiplicator 2 having a Negative Sign, ſhews that 
the Multiplicand muſt be Subtracted twice from reality, 
or twice repeated with a Negative Sign ; wherefore 
the Product muſt be Negative. 


+ 6 
_ 


Product — 12 


IV. Negatives Multiplying Negatives muſt produce 3 
an Affirmative or Politive Product; Becauſe Multipli- 27 
cation by a Negative Quantity being only a Subtracti- 


on or changing the Sign of the Multiplicand as often 


as there are Uaites in the Multiplicator; and ſince Sub- 
tracting — is the ſame as Adding ＋ (as was ſhewed 3 


in Subtraction) the Defect of the Multiplicand is by this 
means taxen away, and Conſequently the Product wil! 


be Affirmative. 


Thus, if — 6 be Multiplied by — 2, the Product 
will be +12; becauſe the Multiplicator 2 having 
here a Negative Sign, acts on the Multiplicand by Z 
Subtraction, Sabtracting its defective Sign, or chang - 
ing ic into an Affirmative one (for to Subtract — is to 
add +) as often as there are Unites in it ſelf, Where- 


fore the Product mutt have a Poſitive Sign. Q. E. D. 


4 


x 
Bt 


fs aa oa oo 
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HH Ii iS. 
[i IVISION in Algebra in the General, is 
1 Reducing the Dividend and Diviſor to the 
1 Form of a Fraction, which Frattion is the Quo- 
tient. Thus, if 46 were to be Divided by ed: It is in 
ab | 

Algebra placed thus — and this Fraction is the Quo- 
cd 

tient. 

. Some expreſs Diviſion thus cd)4b or 4b ed, 
1 which Character — is the ordinary Sign of Diviſion. 


rs > flo & = Y © CD 
| FE "0 ih 2s 4 ABD 


For duly performing the Work of Algebraick Divi- 
ſion, obſerve theſe Rules: 


I. When the Dividend is equal to, or the ſame with 
the Diviſor, the Quotient is 1. (not o.) For every 
thing is it ſelt once. Therefore when ever this happens, 

as it will often do in Equations; remember always to 
place 1. in the Quotient. 


* » * » \F > * 0 
„ a ce» 
n r * 

= 7 2 2 * 7 — A; 0 2 8 q 5 by 


II. When the Quotient is expreſs'd Frattion-wiſz, 
(as in Simple Diviſion) if the ſame Letters are found 
equally repeated both above and below the Line of Se- 
peration, you may caſt off thoſe equal Letters, and the 
Remainder will be the true Quotient. Thus, 


— —— ͤ ts nm —᷑⁊ — ü.1nĩ— — — 
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The Reaſon of which is plain; becauſe the Fraction 


I — 
25 8 = 
* * _— - 
- * * p Y 9 
% * 


4 
— being Multiplied both above and below the Line 
4 0 


by ö (in the firſt Inſtance) hath not its Value at all 

| altered thereby, and therefore when the Quantity 
4b 

— comes to be Divided by the common Multiplier 


db 
b, which is done by caſting off ö, the ſame Value will 
4 


remain and — is the Quotient, 
4 


III. When the Quantities expreſs d by Letters have 


any Coefficients, Piride them as in Common Arith- 5 
metick, and to the Quotients annex the Quantities e- 
preſs'd by the Letters. Thus, 2 


360 4b 
— 215 


3 24 6 


Only remember that if the Quantities bave uvlike Signs, 
the Quotient muſt have 4 Negative Sign, if like Sign : 
Poſitive one. ; 


IV. The General way of Diviſion of Compound 
Quantities is like the ordinary way in Common Arith- 
metick ; Reſpect being had to the Rules of Algebraic 
Addition, Subtraction and Hultiplication : Obſerving 
always this, That lire Signs give + and unlike — in 
the Quotient, as was [aid before. 5 
| You muſt always take Care to Divide every Member 
L or part of the Dividend, by its proper Diviſor; (i. e. 
[ by ſuch an one whoſe Letters ſhew it to be of the 
f ſame Kind with the other): For you muſt always 
| place ſuch a Letter in the Quotient, as will when Mul- 
tiplied into the Diviſor, produce the Dividend (6 3 
: | lealt 


— ¶ ————— — 
> - ->- - 2 
— 


2 , . y 442 
3 * a «a 
«4 i 
Ro 
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leaſt a good part of it) ſince the Dividend is a Rectan- 
gle under the Diviſor and Quotient. Thus, 


a+b) 4444 — 44 — 40 (4— 
T aa44b 
989 
— 442-4 


— 


—— 


O 


Another Example. 


1116) . — $74 —12477—64 (ene 


17 — 167 


N. B. That the ſame Reaſon for like Signs giving 
a Poſitive Quotient, and Unlike a Negative one, 
holds here as well as for the Product in Multi- 
plication; is clear, from conſidering the Nature 
of Diviſion. 


For every Dividend being nothing hut a Product 


made by Multiplying the Quotient by the Diviſor; 
the Sign of each Factor muſt be ſuch, as according to 
the former Rules in Multiplication, can produce the 
Dividend. Wherefore if the Dividend be Poſitive, 
and Divided by a Negative, the Quotient muft be 
Negative; Since if it be Poſitive, it tannot produce 


the 


18 DIVISION. 


the Dividend by Multiplication into the Diviſor; II 
the Dividend be Negative, either the Diviſor or Quo- 
tient muft have a Negative Sign; but they cannot be 
both Negative. For then they would produce a Po- 
fitive Dividend. 

Wherefore tis plain that, if the Dividend be 
Divided by a Quantity, which hath a like Sign with 
it, the Quotient muſt be Poſitive z but if by one 
having an unlike Sign, the Quotient will be Nega- 
tive. | 


1 
”. += 


« 
* 


" N 4 
WW. 
* 
75 
Q «7 
2 
5 
2 
1 
* 
3 
- #: 
j 
; 
. 


= 
is 


J 
97 
15 
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FRACTIONS. 


. Fraftion is a broken Number, or Quantity, ex- 


preſſing the Parts of ſome Integer. It con- 
ſiſts of two Parts with a Line of Separation 
placed between them. Of which, that above the 
Line is call'd the Numerator, becauſe it Enumerates or 
tells you how many of the Parts of the Integer, the 
Fraction contains: And that below the Line is call'd 
the Denominator; becaule it Denominates or Expreſſes 
the Nature of the Parts the Integer is ſuppoſed to be 
divided into. Thus, 


4 
Suppoſe 4 2 3 and b=4, then will — or — be 
b 


: + 
a Fraction, expreſſing, that ſome Integer being di- 
vided into 4 Parts or Quarters, there is taken 3 of them, 
or 3 Quarters, 
A Fraction is either Proper; when the Nume rator is 


3 
leſs than the Denominator; as — : Or Improper, when 


4 


: | 4 4 
the Numerator is equal to it, or greater: As — of — 


are Improper Fractions; becauſe one Pxpreſfis the 
whole Integer, and the other more than the Integer; 
however tis often of good uſe to expres Quancities 
after this way. 


D 2 The 


eros . 


The Operations about Algebraick Fractions, or 
Fractions expreſs'd by Letters, are much of the ſame 
Nature with thoſe in Common Arithmetick. 


I. All Fractions ought firft to be reduced to their 


loweſt Terms; which is done by dividing both Nu- 


merator and Denominator, by their greateſt Common 
Diviſor; that is the greateſt Quantity which can divide 


both. For then the Quotient will be a Fraction of the 


ſame value as the former, but in the ſmalleſt Terms that 
14 


can be. Thus, by dividing both Parts by 34,will 
6 4 
4 1 4 45 
be brought down to — or — à and 
2 2 64 
vided by its en Common Diviſor 2 4 4, will be re- 


2 4 


being di- 


duced to 


344. 

And this may moſt times be done by TnſpeQion, by 
caſting out of both Numerator and Denominator, ſuch 
Letters as are Multiplied into both of them, as in theſe 
Examples. | 

But ſuch greateſt Common Diviſor may be found in 
all Caſes, where the Eye cannot readily diſcover it, 
by dividing the Denominator by the Numerator , 
and the laft Diſviſor by the Remainder, if any be; 
and ſo on, until there come to remain nothing: And 
then that laſt Diriſor is the greateſt Common Mea- 
ſure, But if Unity, or 1 remain at laſt, then the 
Fraction was in its loweft Terms at firft, and cannot 
be reduced to any ſmaller Terms. This Practice is 
the ſame as in Vulgar Fractions; and you have an 
Example of it in Species in }/”ard's Algebra, Chap. 4. 


II. To Reduce any Integer, as b or 4+c to the 
Form of an Improper Fraction, draw the Line of Se- 
paration, 


> 
= br 
* 
* * 
2. 
> 
— 
= a OY 
. b 
* 
1 
, ; 
15 
; 
* 
4 N 


nne 
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| b 
f # paration, and under it write 1; then it will ſtand — 
" . 1 
1 £4 4 — c 

or which tho' in the Form of Fractions, are not 


:Y 5 
altered, becauſe 1 neither Multiples nor Divides. 

* Tf a Denominator, as d were given: Firft, Multiply 

= the given Integer by ſuch Denominator , and then 

= write the Denominator under the Product. Thus, 


db and da4-dc 
4 4 


= 4+c 


II. To Reduce Fractions of different Denomina- 
> tors, to others of the ſame Value, that ſhall have a 
Common Denominator ; (which Operation muſt always 
= precede Addition and Subtraition in Fraitions.) You 
muſt firſt bring the Fractions down as low as you can 
= (by Rule 1.) then Multiply a-croſs the Numerator at 
= the firſt into the Denominator of the firſt, for a new 
LNumerator for the ſecond Fraction ; and laſtly, Mul- 
= tiply the Dænominators one into another, for a Common 
X& Denominator. Thus, let 44-6 Lh 

; - and — be given; 


1 
9 or Fa, 
and they will by this Rule be reduced to ———, and 

0 47 

4b J 
: os Fractions in Value equal to the former. 
1 The Reaſon of which is plain; for each Fraction is 
3 lultiplied and Divided by the ſame Quantity or Let- 
ter, and therefore muſt retain the ſame Value as be- 


-j EM a - 
ore, tho' reduc'd to another Form. 


4 of 
; 
4 
=__ 
*4 
ew 3 
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Tf there are more than two Fractions, every Nume- 
rator muſt be Mul.iplied continuaily into all the De- 


. nominators, but its own; and the D-nominators one 


into another continually for a new Denominator. E. gr. 


4 b C 4277 
—, —, — Will; be reduced to this Form , 
„ * 
b x CY x 
—, which are Fractions of the ſame Va- 
NAR UF 


lue as the former (as is apparent by ejecting the Com- 
mon Letters) but reduced to a Common Denomi- 
nator. 

IV. And when this is once underſtood, Addition and 
Subtraction in Fractions are performed by only Adding 
or Subtracting the Numerators, and Subſctibing the 
Common Denominator before found. | 


a+b bh 
Thus, if the Fractions _—_— — were to be Ad- 


ded or Subtracted; they will ſtand, when reduced, (by 
FFF fabfb—fbb 
Rule 3) in this form, — 
df d f 


The former of which is the Sunm, the latter the Dif- 


ference of the two given Fractions, 


V. Multiplication in Fractions is perform'd by Mul- 


tiplying the Numerators into one other, for a new 
Numerator, and the Denominators for a new D2no- 
minator, The Fractions having been firſt reduced to 


their loweſt Terms. Thus, 
8 da alb a—b aa—bb 


D 6 be c 4 c 4 


Hence 


Wers. 
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Hence if any Fraction be Multiplied by the Deno- 
minator, or by ſome Integer, the ſame with it, the 
44 


Numerator is the Product. As OY x b—=aa, for 


aa 5 445 
——— Xx — : which, caſting off the Com- 
b I b | 


mon Letters in both Parts, leaves 4 4. 


7 73... 3 vo 


Alſo'if any Fraction be to be Multiplied by ſome Let- 
ter or Letters that are found in every Member of the 
Denominator ; the Multiplication may be made only by 


ab 
ejecting ſuch Letters out of the Denominator: As oy” 
- 
ab 


Multiplied by 4= to —, 


c 


VI. Diviſion in Fractions, is perform'd (after Re- 


Auction according to Rule 3.) by Multiplying the Nu- 


merator of the Dividend, by the Denominater of the 
Diviſor, for a Numerator ; and the Denominator of the 
Dividend by the Numerator of the Diviſor, for a new 
Denominator. As in Vulgar Fractions. Thus, 


4 ) d 7A 
b * (- c 
But if it happen that the Fractions haye a Common 


Denominator, then caft off that, and divide one Nu- 
merator by the other. Thus, 


3 3 c ( ; and if 
b b 4 4 4 
| 2 For Fractions having a Common Denomina tor are as 
their Numerators. VII. A 
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VII. A mixt Quantity or Number is that, _— is 


part Integer, and part Fraction. As 44 + —; Such 
C 

Quantities are reduced to the form of improper Fra- 

ctions, by firſt Multiplying the Integral Part by the 


Denominator of the Fractional Part, then adding the 


Numerator to it, and Subſcribing the Denominator un- 
b 


der all. Thus the former Quantity 44+ — is Redu- 
C 4 


caa+b 


ced to this improper Fraction 


C 
Every Improper Fraction is Reduced back again into 


its equivalent mixt Number, or Integer, by dividing : 
caa+b 


the Numerator by the Denominator. Thus, — 
C 


b 4 4 | 


divided by c; Quotes 44 + — ; and — divided by 1, 


Cc 1 


makes 4 4. 


E Q 4: 


£ . + 


1 OG 


. 4 "EP + ä > 
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EQUATIONS 


k N Equation in Algebra, is the mutual Compa- 


_ two equal Things, of different Names 
or Denominations: As, ſuppoſe 3 Pounds equal 
to 60 Shillings = 720 Pence, which is equal to 2880 
Farthings, Oc. it may be written thus, 31. 60 5. 
= 720d. 2880. 

The Terms of an Equation. are the ſeveral Quanti- 
ties or Parts of which every Equation is Compoſed, 
Connected together by the Signs + and —. As in 
this: Equation a bc. The Terms are 4, b and c: 
where tis ſuppoſed that ſome Quantity repreſented of 
4, is equal to the Sum of band e: or to bande added 
together. 
Whenever a Queſtion or Problem is propoſed in 


Algebra, we always ſuppoſe the thing ſongbt or requi- 


red, to be known or done. 

And then by 3 the Letter 4, or ſome other 
Vowel {many ule the laſt Letters of the Alphabet t, x, ,) 
for the unknown Quantity, or for the thing ſought ; 
and Conſonants for what ever is known or given, in or- 
der to diftinguiſh one from the other ; The Queſtion or 
Problem is firſt thoroughly Conſider d, and then duly Sta- 
ted, and after this judiciouſly Compared, Transformed 
and Varied by Addition, Subtraction, Multiplication, 
Diviſion, Extraction of Roots, Oc. according as the 
Nature of the Thing, and the Rules ot Art —_— 

E | til 


. 
: 
| 
| 


—_— — — — — — 
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till at laſt the Quantity ſought, or at leaft ſome Power 
of it, be comes equal to ſome known or given Quantity, 
and ſo is it ſelf, of Conſequence Diſcovered; 

After a Queſtion is duly Stated, tis proper to Con- 
ſider whether it be ſubject to any Limitations or not. 
To which End the Writers of Algebra give theſe Ge- 


neral Rules, | 


I. If the Quai ſought or required, are more 
than the Number of the given Equations, the Quefti- 
on is capable of Innumerable Anſwers. See Xerſey's 
Algebra, p. 3o1. Vol. 1, 


II. But if the given Equations, independant one up- 
on another, are juſt as many, as the Quantitys ſought : 
Then the Queſtion hath only one certain and determina- 
ble Number of Anſwers. 

If the Quantities ſought or required, are leſs in 
Number than the given Equations, the Queſtion is yet 
more Limited; and is ſometimes diſcoverable to be im- 
poſſible to be reſolved, by reaſon of ſuch Equations be- 
ing inconſiſtent with cach other. 

Equations, in order to be Reſolved, muſt firſt be Pre- 
pared ard Reduced; which is uſually done hy the follow- 


ing Rules, or ſuch like. 


I. If the Quantity fought, or any Part or Degree of 
it be in Fractions, let all be reduced to one Common 
Denomination ; and chen omitting the Denominators, 
let the Equation be continued in the Numerators only. 


a+Sb _ 
V. gr. — 4442 109 = B. 
1 


N a+bS4+cd 
Then firſt, — — 4 k. 
4 
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Ang then, a ed c B. 


424 460 
Or if, - 


Multiply all by 4, and it will ſtand thus, 
ad—db=aahcc+db+46. 


3 
Or if, 4 — 75 2 - eng. 
+ x 


Multiphy all by 4, and 
44-—300=3bb+4c—4g- 


And this is call'd by Vieta, 1/omeria, and by others 
Converſion, 


II. When there is an Intermixture of Quantities, 
known and unknown in any Equation ; Let ail the un- 
known Quantities (by Tranſpoſition) be made to poſſeſs 
only one Side of the Equation, and all the known ones 
another. Tranſpoſition is always done by putting the 
Quantity over to the other Side with a contrary Sign 
to what it had before. The Demonſtration of which 
Rule depends on-that Axiom, That if to or from Equal; 
you add or ſubtract Equals ; The Summs or Remainders 
will be Equal. 


Thus ſuppoſe, 4— 34 = So. 
Then, 4=34 + 60= 94. 
Or if, 44+b— d= Tee. 
Then, 4—e = 4. 


E 2 
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If, 44 — 300 = 3bb+ 44g, 
Then, 44= 300 ＋ 3bb+4c—4g. 


It, 35 + 44=4 — 60. 
Then, 4= 140. 


EI 


III. If the higheſt Power or Species of the unknown 
Quantity, be Multiplied into any known Quantity or 
Quantities, let the whole be divided by ſuch known 
Quantity or- Quantities. 8 


Thus if, 5 4 4 = 30000, 44= 6000. 
If, ba+24= 100. 


| 100 
Then, $6 = —— 


6+4 
If, dee Ade. | 


7 
Then, ee 4e —. 
% d 


And this Operation is called by Viera, Paraboliſ- 
mus, by others Depreſſion, 


IV. If all the known Quantities happen 'to be Mul- 
tiplied into any degree of the Unknown one; let all 
be brought down (by Diviſion) to the loweft degree 
thereof that can be. 


As if, 4444+ba44=75344 
| Then by Diviſion of all, by 4.4, 
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If 24 ＋4b— 40 π fa. 


then will, 2 ＋ b —c=d —f. By Diviſion, 
And, 4a=d4—b+c 4-f, by Tranſpoſition. 


If eege—7e=1;e+34e—10c. 
Then will e+ 9 — 7= 15 +34— 10. by Diviſion ; 
and e +2= 39. 
And farther by Tranſpoſition, 
022 27 


And this is that Rule which Vieta calls Zypobibaſmus. 


V. If any one Member of the Equation be a Surd 
Root; all muſt be raiſed up to that Power, and then 
the Equation continued. 


If Vbha+b=c 
Then by Tranſpoſition; 
Yab=c—b. 
And by this Rule, 
co—2be4bb=ab. 


And by Rule third, 


com2bedobb 
{= — > 
6 


NOTE, 


— — 
— * 

2 — = 2 2 

— — — - — * * "> - - 
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NOTE, 


To Raiſe up any Quantity to the Power of another, 
is to Multiply it into it (elf, or to Involve it accor- 
ding as the Index of that Power Directs. Thus 
becauſe V: 4b fignifies the Square Root of 26, 
therefore 2 b, without the Radical Sign will bea 
Square; and conſequently to continne the Equa- 

lity, c —b muſt be Squar'd too. 


RULE VI. 


Since whenever 4 Quantities are diſcretely, or 3 con- 
tirualy Proportional, the Rectangle or Product of the 
two mean Terms (or the Square of the middle one, 
when there are but ;) is equal to the Rectangle or 
Product of the Extreams (by the 12th of the 5th of Eu: 
dif; Elements.) Therefore *tis very eaſie, and often | 
very uſeful to reſolve Equations into Analogies or Pro- 
portionals, and, vice versa: Which when well under- 
ftood, opens the way for the G2ometrical Conſtruction, 
and conſequently for one very good way of Reſolution 
of Equations.” , | | 

Wherefore, Suppoſing the Reader tollerably verſed 
in Common Geometry, as he ought to hz, before he 
begin Algebra; and that he knows how to nnd a Third, 
2 Kean, or a 76urth Proportional, G20metrically. L 
m ul next ſhew the Conſtruction of all kinds of Simple 
Eqnitions, hefore I proceed to reſolve auy Queſtions 
or Problems. 4 | | 


C Q N- 


(31) 
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. 
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CONSTRUCTION 
O F 


EOUATIONS, 


N Alpebra, is the Contriving ſuch Lines and Fi- 
gures as ſhall Demonſtrate the Equation, Canon, 
or Theorem, to be true Geometricalh. 

The Method of Effeing which, will be ſuffici- 
ently Plain from the following Examples, and 
thence eaſier Learn d than by long Directions in words. 


Conſtruction of Simple Equations. 


ab 
T — =, then c. ):: 4. . 2. b. 6 Encl. 
c 


4X BJ 
Ga LN > 


Or 


— — — 


* — 
——— ——— — 


„ TIIIIESESY 


- 


2 
3 
a 
: 
. 
oY 
. 


| 
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— — 


44 
Or if, _ =x. Then, & 4:: 4. 1. 


by 8 &. 6, Euclid. 


el 
5 * 


46 ＋42g 


b＋ 1 
ab+eg | 
— x. Then, b— 1.b+g::;4x 
h— 2 


ab+mn 
—=x. The Conſtruction and Solu- 
7 ＋ 
tion will be more difficult; becauſe no Letter in the 
Numerator is taken twice: But that it may be ſo, and 
that (a) for Inftance, may be twice uſed ; make as 4. u:: 
m. a 4th Proportional, which let be p. Then, 2 m = 4p. 
46 ＋- 49 


Or it, = x. Then, b 1.4: : 4. x. 


Or if it were, 


II. If 


and conſequently - — x. Wherefore as by | 


r +8 


Rule 1. 7 +$. Up:: 2.x. 
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ab+ mn 


If this Equation were propoſed = Xo 
7 5 

You may find firſt a mid- p 

dle Proportional between 

4 and b, Which ſuppoſe to 2 

be p. Alſo another mean p WV 

Proportional between mand - 

n, which let be q. Then WI 

. B 

1 


will the Equation ftand 


5 
. A 
75 
Let therefore a Right - an Triangle be made 
wherein the 5 gies p a ; 


lar AP==p. and the Baſe 
AB=q. Therefore ſhall 
PBq=pp+9qq. which, 
ſince according to tkeEqua- 
tion it is to be divided by 2 - 
; BP makeasr —sto 5 B * 


=v:ppF ) ſo PB: to a third Proportional: That 
— . —4 ; | 


ab—mn 
= % 


c | : 
Firſt make, as m4 : u. (4th. Proportional) which 
46—4 
let be p. Then will 


c＋4 

ly, (as in Caſe iſt.) c ＋ d. b —p:: 4. 5. 
7: you might, as in (Caſe 2.) have found a meas 

Proportional between à and 
b, as alſo between m and 
n. which being called (as 
there) p and q. The Equa- 
tion would haye ftood thus, 


PP—44 


III. In this Equation 


=. And conſequent- 
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ving taken AB p, and on it as a Diameter drawn a 
Semicirclez and applying in BC=q. The U of 
AC=pp—9qq. And conſequently AC=y:;pp—qgqz 
| which fince it is to be divided by c d. make, as c + 4. 
AC:: AC. q. the Quantity ſought. 


aabe 


=. be propoſed, 


3 ir, | 
Firſt find out, (p) a 3d eee to f and 4. 
Then fp being 44. The Equation will ſtand 
Fpbe p be 
thus, = (i. e.) 


E 5 8 
Secondly, find a fourth Proportional (4) to 7, p. 
and b, Sayingas f. p. :; b. J. Then wa 1 
: c 
conſequently the Equation will ſtand thus, - 8 me 
- fs 


(i. e.) — 2 7 · And therefore, (as by Numb. 1.) 


IV. Let this Equation 


t. 


g 
' £+ q75c+7F- ſought. 
kkk 


V. If this Equation x were propoſed, 


mm 
Firft, find a 4th. Proportional to m, h and k. which 
let be p. therefore pm = bk. and conſequently the E- 


p mE pk 
quation will ſtand thus, — — = x = —; Therefore 
mm m 


n. p:: k. x. ſought. 


1 


— 8 
- 0 PWT? 2 
PP 7 ee 
«4 N n So len 9 J 8 n a tif EE 


(35). 


Conſtrudion of Simple Quadratick 
Equations. 


N. B. Simple Quadraticks, are fach as have on 
one fide of the Equation only ſome Power 
of the Quantity fought, without any other 
Quantity or Letter mixt with it. 


I. IF an Equation be in any of theſe follow ing or 
the like Forms. 


„ 4 


— 
U 
V, 
— 
9 
— 
5 
OO 


— 

8 to d mean 
y Ic ore C= Ve proporti- 

= onal be- 
J)=4dd. y=y 3dd Jtween 


II. If this Quadratick be propoſed; 'yy = fg + km, 
Then willy=v:fg 4 Tn. 


1. When the Sign is 
T make a Rectangled 
Triangle ABC, and let 
the Side AB S to a mid - 
dle Proportional between 
fand g, and the Side C 
= to a mean Ptoporti- 
onal between ł and . 

2. But if the Sign be 
z make tbeRectangłd 
Triangle (N+ 2.) what 
Hypothenuſe AB let be 
= to the mean Proporti- 


onal between j and g, and A 

— IONS e <0" 

Proportional between i and m, and the thing is plain. 
| F 2 III. It 
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III. If ſuch an Equation as this 70 ſed, viz. 
fbbdd ö 


xx. Then will — and by 


cc 
n the Square Root every — (becauſe all 
the ”m_— are Simple and perfect Squares,) it will 


be — gx. Therefore c. b;: d. x. As in Caſe 1. of | 


c 


* le Equations, 
ple Eq fobk 


VV. If this Equation be propos d 33 
Find firſt a 4th. Proportional to d, } and n 
be p. Then abladen > = = XX 


m 
bb | 
(i. e.) — = 8. 


Again, * a 4th. Proportional to n, p and = which 
m 


let beg, Thon 1852 Ap h, and therefore 
| m 
(i. e.) qk=xx. Which 1 it to Caſe I, of Sim- 


plc Quadraticks, which ſee, &c. 


V. Tf this Equation were propoſed z 
Zb T bee 


— — — —-—¼ꝶdũ2ũ2 X XxX. 


Tem - 

Firſt, reduce obs © fg and km to the 
Squares bb and qq by finding b and q mean Proporti- 
onals between f and g, and t and u, and make the 


1% r LEE-44-abeddbed 
cc cc C E 
Then FO. 120 +9: —— ** 


* * 


Allo, 
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Alſo, becauſe cc and cd are Multiplied into q b4- bd 
find a Square = to the two Rectangles q b+ bd, and 
ppecapped _s 
let it be pp. Therefore r 
nn 
Again, becauſe pp is Multiplied both into cc and cd, 
find another Square equal to cc +c d, which let be 44. 


714 p 

Then Will 912 4 0 . Therefore 
77 ” 

n. p:: g. x. ſought. 


g— 2 — : ®_ 44 * 1 ” — 


Queſtions Producing Simple Equa- 
tions. 1 


Ueſtion I. 2001. i 6 to be divided between two 
Men, that one is to have 73 l. more than tbe other ; 
What is the Share of each? 

For the whole Money put s 200 J. 8 
For the Difference between their Shares put d = 73 l. 
And let the Shares ſought be à and e? 


1 | — 5 the Queſtion, 
j+2] 3] 24=5+4. 

N. B. Tis an Excellent way to keep a Regiſter in 
the Margin of all the Steps in the Reſolution 
of any Equation (according to Dr, Pet's Me- 
thod); For by that means it will readily aps 
pear how every Step is produced: As here the 
Figures 1 + 2 right againſt the third Step ſhew 
you that jt is produced by adding the firſt and 


ſecond Steps __—_ which is done to deftroy 
e, that 4 may ſtand alone. 


3 


. 


83 


Simple Equatross 


S414 212 
5 T . 


422 ———— 
2 1 2. 


And thus, is the Value of 4 preſently known 
(viz. = 1306 I05.) and this Theorem gain'd, 
the Sum added to half the Difference of 

any two Quantities is always equal to the great. 
er of them: — the Senſe, in Words at | 


That Half 


5+ 
length, of — (or 154-44) . 


2 
And as this way you found the Value of 4 by Addi- 
tion of the firſt and ſecond Steps; ſo you — e by 
Subtraction of the ſecond Step from the firſt, Thus. 


1—2 1 —.— Wherefore. 
$ — 
582216Jle.2•Lͤ V 

2 


That is, in words, Half the Sum of any two Quantities 
= balf their Difference is always equal 10 the leſſer of 

m: Which is a Canon or Theorem that wilt find e 
fo be 630. 10s. 

So that havin 88 and — of any two 
Quantities or Numbers, tis, you very eaſie to 
diſcover the Numbers themſelves. 


q 
7 


. 
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\eftion II. 2001. i ſo diſtributed beween two Men, that 
We the Share of one be divided by that of the other, ibe 
Nuo tient will be 3. How much had each ? 


For the Shares put à and e; 
Then a+ e= 5$= 200. 

4 
— = 3 


"| e 


1] e=s—4& 


4 

£ and fince — =q. If you Multiply 
e 

| both by e. ae 4» 

i | 4 


] 31 — =e, by which means e vaniſhes," be- 
R ing expreſſed another way. 

4 
4 #—a= — by conſidering the firft and 


ſecond 4 3 (which is always im- 
| plyed bythe Comma's in the Margin.) 
5s | 54 —qa=4, Multiplying both by g. 
Tranſp. 6 | $q=4 +qa, by Transferring q a. 
9 

( i 7 n by Dividing each part by 
141, 

the 3 1; that is, 222 

150 J. 
$] e=501. becauſe 2 was 2 times as much 
as e by the Queſtion, 


If inſtead of the Summ of the 2 Shares, the Diffe- 
tence d= 100 had been given, as alſo the Quotient 
4 


—=3=2 z and a and e Required? 
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If inſtead of the Summ of the two Shares, the Dif. 
ference d = 100 had been given, as alſo the Quotient 
: | | 
—=3=9q. ands and e Required? 


e 
Then, 


bs e he ſecond Step of 
2 y the ſecond Step of the for- 
N 26 J mer Queſtion 


1, 2, 3e dre. 
ranſp. | 4 | d=eq—e. 


4 
. 


=e= 5ol. wherefore 
q+1 


4=3e=150l.=d+e. 


Queſtion II. mo Men have between them $6 1. au the | 
reater Share i 10 the leſſer as 5 to 2, or 4 r to t. 
What bad each? 


Put 4and e for the two Shares, and 5 = 561. 
| 1 | $=4+7. 
˖ 


2 


This Step ariſes only by ſaying accordizg to the | 
Eolden Rule; if r. gire t:: what ſhall « give? The 
ra 


fourth Term is — =, which finds a new Notation i 


r , 


F. t 1714. — re. 


* 


for e. 


Simple Equatiens. 


| 4 
1,2, {Ges 
zur lqtrapta=rs. 
Sr 2% 
4=1+t | 5 | = ——= —40ʃ. 
r+t 7 
| And conſequently, 
8 
I, 9, 6 +— — 161, 
E234 


i inflead of the Summ the Difference d= 24 had 
been given. Then, 


t 4 
ä Fby working for e as in 
| * A Step 2 of the laſt. 
be : 1ixrl2|[ra—ta=rd, 
v i | rd 120 
I 2=f—f | 3] 4= — = — = 40 
: — 
3 4] e=a—d=40—24=16. as before. 
= Queſtion IV. One having 4 certain Number of Eggs, left 
| (without breaking any) half that Number and half an 
N Egg at one Place: Half the Remainder and balf an 
f Egg at a ſecond place: Half the Remainder and half 
ve an Egg at a third Place: And then be bad one Egg 
ne left : How many had he at firſt? 
: For the Number of Eggs put 27 
08 By And for one Egg put 1 . 
| 4 | 8 wg 17 he left at the firſt 
* X £.. ©. co the firſt Re- 
. 5 5 mainder. 


6 And 
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And if to avoid the Trouble of Vulgar, you would 


expreſs it by Decimal Fractions ; Then the firſt Eggs 


4 4 
left will be — +- 5 and the firſt Remaind, — —. 5 


| 


| 


2 2 
4 8 8 4 
3 ———= . or — — 25 ＋. 5 to 


. 
what he left at the ſecond place: And, 
| b b b - of 
4141————— or — — . 25 —. 5 Will 
3 4 
be the fecond Remainder. 
4 b hb + b 4 
[ — — —__ — OC — — . 125 —. 
, 8 4 2 8 6 
25 +. 5 =, to what he left at the 
third Place. 
4 b pi 4 
6 | ——— —— — — 0 rr— — . 125.—. 
| 8 8 4 2 
25 —. 5 =, the third Remainder; 
which by the Queſtion is =tob or 1, 
Therefore, 
& 0 b b a 
7 | ——— ——— ——=zb, or — — 125 


+ _ 2 

—.25—.5 21. Wherefore, 

4 b b b 4 

„ 

az. 5 K. 8 

| 12 25 6. Ox tO I. 75. 
, 8b 75 


9 a= 8b AUT — + —, 05 655 15+ 000- 
&: -$ | 
| Wherefore 4 215. 


— 


* 
* 
* 

a 
1 
« 
5 
— 
r 
3 
E 
* 
- 
* 
1 
4. 
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So that the Import of the Queſtion is only to find 
a Number, from which taking half and half an Unite; 
And from the Remainder its half and half an Unite: 
The laſt Remainder ſhall be = to 1. Lis plain alſo, 
that if a fourth Time, he had left half the R-mainder 
and half an Egg, he would have had nothing left, 


Queſtion V. 


Acer in JEmonia fugientem valle Lyciſca 
Inſequitur Leporem pita per arva vagum: Clark's 
Hic decies quinis præcedit paſſibus, ille ' Ovght. 
Inſtat, & exultans per Fuga læta ruit: explicat. 
Dumg; Quater ſaliendo Lepus conſurgit in altum 
Hic Tories Ternys Saltibus evehitur. 
At tantum geminis percurrit Saltibus Agri 
Interea Quantum conficit ille Tribus. 
Die mihi jam Quoties, ſaltus Iterante Lyciſca 
Contigit Infeſto prada petita cani ? 


A Hare being 50 Paces before a Greyhound, makgs fou: 
Leaps to the Dog's three; But two Leaps of the Dog's 
are as much as three of the Hare s. How many Leaps 
mult the Greyhound take to catch the Hare? 


Let 50 = b. 
4» 322 . 5. 
2. 3 : m. u. 


For the Number of the Dog's Leaps ſought, put 4 ? 


r 4 
$, 4+ .— 
1 $ 


Say, as the Number of the Dog's Leaps, to thoſe 
of the Hare in any time: So will all the Dog's way be 
to all the Hare's, after he began to Courſe her. 

12 


G 2 5 
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11* ra+bs 
2] — +56, or = the whole 


s s 
| Number of the Paces the Hare 
| Sbq-ra 
3 M. 1 14. — 
$ 

This Proportion ſhews you, that as 2 is to 3, ſo is 
the whole Number of the Dog's Leaps to that of the 
Hare's. 


3 bm m4 
4 | 1.4 = —— 


becauſe in four 


D 
1 1 proportionals, the Rectangle of the 
Extreams is = to that of the mean 
Terms. 

4Xs] 5 amb mera. 
Tranſp. 508, dne 


sSbm 


4 — 


= 200. 


6 
s enn. 7 


| 


SR —ATY 


Queftion VI. In three Baggs there is 4 certain Quantity of 
Pounds Steriing. The Summ of the Pounds in the fol 
and ſecond Bagg is 20 l. The Summ of the Pounds in 
the ſecond and third Bagg is 48 l. And the Summ of 
the Pounds in firſt and third Baggs is 441. What 
Number of Pounds was in each ? 


Let a, e andy be put for the Quantities ſought : 
And 20 = b. 48 = and 44 =4. 


Then by the Queſtion. 
44pe=b]1 
9 81 


$4 
8 
1 
F 
* 
1 
Ty 
* 
i 


75 
7 
» 
* 
.. 
o 
| 
$: 
E 
* 
* 
- 
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3 becauſe b 2 
Jp — 56 2 
by Tranſpoſition 

e ef . 


3758, 7 .be $ That is 2 4 — 


|: 3 by Tranſpoſtion of 4. 
5 


Tera. 
„ | 
© 262 — . 
1 {ho bmos Which is 2 
g |= — 28 Canon to 
E 2 find 4. 


4, | 10 Then ſince b—4a=e. e=12, 
6, | 11. And z== 36, 


This is called a Queſtion by various Poſition, of 
which you have many in Kerſey, and other Writers. 


PROBLEM LI. 


To determine the Point where a Line Perpendicularly 
let fall from the. Vertex or top of an Acute Angled Tri- 
angled b c ſhaB cut the Baſe b. 


Suppoſe it done, and the Figure drawn, call one 
Segment of the Baſe 47 Then will the other be 6. 4 
and let the Perpendicular be called p. 


; ING 1. 


* 2 i 


TEE LT. 
K\n -BHf > a0 YI > 


? Xx i a 


fs 


bs Re” 

FP _ 

T's W434 A” EL RY, 
- — 


46 Simple Equations. 


h— a 


* 
. 


47. e. 1.1 |pp=dd—44. andpp =2cc—bbd. 
2b4—44 ' 

Tranſp. 44 | 8 | Wherefore dd c —bb +264, 

Tranſp. | 3 | And conſeq. dd +bb—cc=264 

| | ad b—cc 

3272 4 And therefore 2 — =, 
2 

Wherefore the length of 4 is found Arithmetically, 
or by Calculation; for if you add the Square of the 
Baſe b and of the Side 4 (Meaſured on any Scale) to- 
gether, from the Summ Subtratt the Square of the 
Side c: And then divide the Remainder by the double 
of the Baſe b, the Quotient will give you the length of 
4, and conſequently determine the Point waere p vil 
cut the Baſe b. 

And you may conftrutt the Equation in the fourth 
Step Geometrically. Thus, 

On d, the longeſt Leg of the given Triangle make 
a Semicircle: And in it apply c, the other Leg, draw- 
ing alſo the Line f. | 


a  -- ©T —1 Ga 2 


ſince in the 


Simple Equations. 


Then will f f= dA -c. produce „ till the Part 
without the Semicircle be equal to 6b, the Baſe of the 


| ziven Triangle: And draw the Line g. 


Then will DL „and 

ourth Step, this laſt Quantity is to 
be divided by 2 b. make, as 2b. g (which is = to 
V.dd - cc ):: g. to a fourth proportional; which 
will be 2. And Conſequently 2 will be found Geome- 
trieally. 


PROBLEM II. 


To find the Point without an Obtuſe Angled Triangle d c h 
where the Baſe b being produced, ſhall meet with a true 
Perpendicular p let fall 2 the Vertex of the Triangle. 


4 — 
Suppoſe it done and al things noted as you ſee in 
47.6. Is 


the Figure. Therefore, 
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. p=cc—44, and pp=dd—4;Þ 
—2ba—bb, | 
Tranſp. 4 4. | 2 I ans 
324 ccq-2ba=dd—bb., And, 4 
by Tranſp.3 l 4] 26b4=dd—bb —cc, Wherefore, 
| 44 — bb —cc. 
5 


20 
And conſequently 4 is found by Calculation. 


42 26. 225 


The Geometrical Conſtruct ion. 


On d the longeſt Leg of the Triangle given, de- 
ſcribe a Semicircle, and in it apply c the other Leg: 
Drawing alſo the Line f; So will ff=dd—c:; 
Then on f Deſcribe alfo another Semicircle, and 
therein apply 6 the Baſe of the Triangle given: Drau. 


ing likewiſe the Line g. Then will gg = ff —b%. 
That is, =dd—c 3 b: And Cesc 82 
V: dd — -b. And fince the fifth Step of the 
Equation is divided by 2b: make as 26. to g:: Sog. 
to a fourth Term: Which will be 4, the Side ſought. 


Quadratict 


( 49 ) 


Ouadratick Equations. 


A Vadratick Equations, are ſuch as retain on the 

2 unknown Side, the ſquare ot the Root or 
Number ſought; and are of two ſorts. 

I. Simple Quadrat icks, where the Square of the un- 
known Root is equal to the ablolute Number given, 
as 44= 36, ee=14% = 133225. And for the 
Solution of theſe, there needs only to Extract the ſquare 
Root out of the known Number, and that is the Value 
of the Root or Quantity fought; Thus the Value of 2 
in the Firſt Equation is equal to 6, in the Second e = 12 
and a little more, it being a ſurd Root. And in the 
Third Example y= 365. 


II. Adfected Quadraticks, are ſuch, as have between 
the higheſt Power of the unknown Number and the ab- 
ſolute Number given, ſome intermediate Power of the 
unknown Number, as 444+ 2b4a4= 109. 

And this Equation is properly called Adfedted; be- 
cauſe the unknown Root 4 is Multiplied into the Co- 
efficient 2 ö. | 

The Original of Adfected Equations, the Incompa- 
rable Harriot thus derives ; Let 4 be =+6, or 4= 
—c, then by Tranſpoſition will 4 — b =o, and a + 
So. And then Multiplying one by another, the 
Product is 4 4 —4ab+Þia—bc=o0, 

And this he properly calls an Original Equations 
From which or others of the ſame kind, Tranſpoſing 


be over to the other fide with a contrary Sign, he 


gains ſuch an Equation as this, 44—4b + be, 
which he calls a Canonical Equation. 

And from hence, by putting Examples in all Caſes 
he ſhews, that every poſſible guadratick Equation hath 


imo Neal Roots, according to the Dimenſions of the 
higheſt 


r 


n 


9 


3 


** 


D 


12 
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higheft Power; as being made up by the Multiplication 
of two Simple Equations. And that theſe two Roots may 
be either both Affirmative or both Negative, and that 
ſometimes they are equal to each other, and ſometimes 
not. And from hence he finds, that the abſolute 
Number b c is always the Rectangle of the two Roots 
b and c, (or of the two Values of a); And that if it 
have a politive Sign, the two Roots have like Signs, 
but if a Negative one, unlike, 
And, That the Coethcient of the middle Term is 
always the Aggregate of both the Roots with contrary 
Signs ; and conſequently their Difference, when without 
its Sign. See more in his Second Section, and in Waly's 
Algebra, p. 132, Oc. 
And when in ſuch kind of Quadraticks as theſe, the 
Index or Exponents of the Dimenſions of the unknown 
Root are in Arithretical Proportion, that is, as in 
this Equation, 44 +2 ba = ioo, the Index of 4 4:5 
2, the Index of 264 is 1, and the Index of 100 is0; 
then may the Root be eaſily found by the following 
Method. , 


three Forms. 


44 4+4ad4=R.? * Some make four Forms, 
44 —ad=R.p but at long run it comes 
45 - 42 2 R. to the ſame thing. 


In all which Forms, R, the abſolute Number given, is 
a Rectangle or Product made out of the two Quantr 
ties or Roots ſought, a Greater and a Leſſer. 


Of which, in the Firſt Form, where all is Affirma- 
tive, the Coefficient 4 is the Difference between thoſe 


two Ar or Roots; and & is the Leſſer of them; 
P 


as is plain if you ſuppoſe the two Roots (as Oughtred 


doth) to be «4 the Greater, and e the Leſſer. For then 


let d x be the Difference between them; So that 
:+x=6 if then you Multiply each Part by e, it * 


he ee Tex ggα e; from whence it appears alſo plainly, 
that 4e is equal toR,the abloluteNumber given, or equal 
to the Rectangle of the two unknown Roots à and e, 
of which in this Form, the Coefficient x ord is equal to 
the Difference between them, and e is the Læſſer of 


them. 


In the Second Form, The Coefficient dis the Diffe- 
rence of the two Roots as before, but 4 there repre- 
ſents the Greater of them; as is plain by putting (be- 
cauſe the Sign is Negative) 4 —x =e, and Multiply- 
ing each Part by 4; it produces 44 — 4x e , the 
ſecond Form, where x or d the Coefficient is the Dit- 
ference of the two unknown Roots; and 42 repreſents 
the greater of them. | 


\ | 
In the Third Form, where the higheſt Power is Ne- 
gative, the Coefficient 's is the Sum of the two Quan- 
tities or Roots ſought; and 4 the Affirmative Root 
ſoughc way be either the Bigger or the Leſſer of 
them. For let (becauſe the higheſt Power is Nega- 
tive) y—4=e, Then Multiplying both by 4 it will 
bez4—44=4e=R, or if 2 — e had ben put equal 
to 4, then it would have been ze — eee , by Mul- 
tiplying all by e. 


So that this Method ſhews you the Original Conſti- 
tution of theſe Forms, and the Nature and Office of 
each Member of them. 

From all which may be found this General Canon for 
the Solution of Quadratick Equations, according to 
this Method. 

Multiplying the abſolute Number by 4, and to the 
Product add the Square of the Coethcient, then Ex- 
tract the Square Root of that Summ ; Which Root 
{hall be the Summ of the two Numbers ſought, Then 
to or from the half of that Root, Add and Subtract half 
the Coetficient, and the Summ and R<manderarethe 


two Roots required. 
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For the particular Solution of Adfected Quadraticks 
there are three Ways. 


I. That of Oughtred, who proceeds in this 
Method. 


In all the three Forms, there is given either the Red. 
angle and Summ, or the Rectangle and Difference of the 
two unknown Quantities 3 whence tis very eaſie to find 
either the Difference in the former, or the Samm in the 
latter Caſe; And then having the Summ and Difference 
of any two unknown Quantities, the Quantities them. 
ſelves will ſoon be known. 


Thus in the firſt Form, let au +da=R. 


Here is given R, the Rectangle of the Roots, d their 
Difference; and tis known that 4 repreſents the leſſer 
of them. Let S ſtand for the Summ to be ſought. 

You may therefore by Simple Algebra find that 
4R=—=$SS— dd, and conſequently that 4 R dd = 88, 
and therefore S is known; and then having S and d, 
4 the leſſer Root will be known too, for 48 — 4 d=4a, 


Again, in the ſecond Form. Let 44 —ad4=R. 


Here d and R (as before) the Difference and Rect- 
angle of the two Roots are given; and à the greater 
of them; wherefore tis eaſie to find S the Summ, and 
then 2 S4+- 4 d= 4. 


In the third Form, lere Sa —44=R. 


There is given the Coefficient S= Summ of the un- 
known Roots, R the Rectangle between them; and 
4 may be either the bigger or the leſſer of them; 
Hexe therefore to find d the Difference, 


Becauſe 
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Becauſe 8 S —dd=4R, therefore SST 4R=4d, 
and conſequently d is known; and then 1 8 +34 = 
greater, and 28 — + 4 =lefler. 


II. The Solution of Adſected Quadratick Equati- 
ont, by the Method of Compleating the Square. 


Which is by Mr. Harriot, thus; Since in every one 
of the three Forms of Quadraticks; one Quarter of 
the Square of the Coefficient will make the unknown 
Side of the Equation a Compleat Square, whoſe true 


Root will be 4 +- d (or whatever Letter elſe be the 
Coefficient.) Iis plain by this means, an AdfeZed 
Quadratick Equation may be reduced to a Simple one. 


Wherefore, 
K the firft Form, when all the Species are Affirmative. 
Let 44 +da=R. 


If 44 be added to the unknown Side, it will be a 
perfect Square 4 44-4444 d4, whoſe true Root is 
44-34 


Add then, 3 dd to R, and R +4 44 will be a per- 
ſect Square Number and known: Whoſe Square Root 
extracted in Numbers, will be equal to a d; And 
conſequently, 4 will be equal to that Root, when : 4 is 
taken from it, and ſo 4 will be known. 


The Practical Rule is this, 


To the Abſolute Number, add + of the Square of 
Coetficient, (or the Square of half the Coethcient,) 
and Extract the Root of the Summ; Then from that 
Root found in Numbers, Subtra& *. the Coefficient, 
aud the remainder js 4, the leſſer of the two Roots, 
or Values of 4. 

E X A M- 


L — rr 
A = Z = \ by . TW 1 | 


OR 


8 
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| EXAMPLE, 


41+ di=R 
or 44 +164= 36 
to 36=R 
add 6421444 


2 
V. 100=104—414d, 


but 24 =8 
thierefore 2 = 4. 


* 


1 


In the ſecond Form. Let a4 —da=R, | 


Proceed in all reſpects as in the firſt Form, only you 
muſt at laſt add the Coefficient to the Root extra- 
Qed out of the Abſolute Number inſtead of taking it 
from it, as before; becauſe here à repreſents the great- 
er Root ; and thus, if 44 — 16 4== 36. 4 will be found 
= to 18. 


In the third Form. Let S4 —44=R, 


Here becauſe the higheſt Power is Negative, tis 
impoſſible any ſuck Root can be found that will produce 
— £44; Wherefore you muſt imagine all the Signs chan- 
ged, and then it will ſtand thus, — S4 ＋ a= R, 
or putting the higheſt Power firſt, 44 —Sa=— R. 

In this Form, the Coefficient is the Summ ot the two 
Roots, and 4 may be either of them. 

And here the Abſojute Number is ſo determined, as 
that it cannot be greater than the Square of half the 
Coefficients; wherefore, | 


Ide 


nee 


— - 


Quadraiick Equations. 
The Practical Rule is this, 


From the Square of half the Coefficient take the 
Abſolute Number given; and Extract the Square Root 
of the Remainder; which Root either added to, or 
Subtracted from half the Coefficient will give accor- 
dingly the greater or leſſer Value of 4. 


Thus if 204 —44=— 36 
or Sa — 44 -R 
From 100 2 288 
e 


5 64==8 
now lo + 8=18 the greater Root, 
and 10— 8= 2 the leſſer Root. 


III. To Solve Quadratick Adfected Equations, 
by taking away the Second Term. 


In any of the three Forms, if the Coefficient haye 
a Negative Sign, put e4-* 4; but if it have an Af- 
firmative Sign, put e — 42 4, inſtead of 4, the Root of 
the higheft unknown Power. 


Then will ee +ed+i1d=44 
allo Ted FI Add. 


And theſe two Quantities added together, muſt be 
equal to the Abſolure Number given; and the Equa- 
$n will become a Simple one. 


In 


55 


ot od. 
__ — > i i 


a 


<=; ww orto aw 


> "S. 


- E 2 - MI , 1 w — * 42 2 1 2 : = N 8 
TORI RET ev .fꝙꝶdꝙf!̃!̃̃-l!mô ͥ ůwuVſcc I IS P 
* < — ON 7A : bs l "OK * WE þ * E * = — Fe NAG * — * bl N 0 ; 
S 1 \ \ £8 > off 1 ab 
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In the ficſt Form, 444d 4=R or 44 + 164= 36, 
Let e—id=4, 


Then will ee—ed +: d 4=4z 

and ©d—2:dd=ad 
which added together make ee - 4 4d R 
therefore e e R +244 


And conſequently e=/R +244 


But e — 2d rg a, 
Therefore e=4a +2 4 
Conſequently a T A= RAA 
Wherefore 22 RTI44— 4d. O. E. D. 
And ſince 2 ＋ 4 d NY If each part of 
the Equat ion be Squared, there will ariſe. 
4a ＋AA +3 dd=R+2 4d. 


Which is the other common Canon for Solving Qua- 
draticks, by adding to each Part the Square of half the 
Coefficient, in order to Compleat the Square. 


CIT That, To * N A * £ — 
TUE ECT LIED n : Tf 
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In the ſecond Form, 44 - 4 4 R. 
Let e+4d=4. 


Then is eeed+3dd=44 
/ and —ed—<dd=ad 


— 


Theſe added make e e — 44d R 
therefore eeR +4344. 


and eV NCT. 
but e 4 424 
therefore e 4—4 4 
and conſequently a — I RA＋ 7 FF 
wherefore a= :R+444+4d. Q. E. D. 


And fince 2 — 1 l TNA; if each Side of 
the Equation be Squared, you will have, 


a4a—ad+idd=R++4dd. 


Which is the Common Canon for Solving Equations 
by Compleating the Square. 
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In the third Form, da — 44 =R. 
Which Form muſt be thus changed, a2 —da=—R, 


Then make as before, e + 2. — 


and then ee Te A 44444 
and — e 4 — 424428 —44 


— — 


Whoſe Summ is ee -A dd = R 
then is ee u =-R 
and em=V:;idd—R. 


And ſince, e 1 424 
e=4 —LdA=(Vidd—R,) 


Wherefore ( becauſe there are two Poſitive Roots 
in this Form, 


2 A- KTA. 


But the Value of à is Ambiguous, and you muſt ge- 
nerally try both Roots before you can find which will 
Solve the Queſtion: Whereas in the other two Forms, 
the firſt a found, will be that required. 


N. B. In this way of Solving Quadraticks, the 
known Quantity added to er Subtracted from 
e muſt be always balf the Coefficient, | 


Conſtruction 
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conſtruction of Adfected Qua- 
draticks. 


HE Conſtruction of Simple Quadraticks, you have 
before under Simple Equations; That of Ad- 
feited ones, is eaſily done many ways. 


I. In the firſt Form of Quadraticks, let 24 +4 4 
R. Then by the common Method of Solution, 


4 4 4 
42 V Rb — ——. 
| 5 
| ne E 
Rr, 


ER 


Wherefore deſcribe a Circle whoſe Radius ſhall be 
CT=14, and make the Tangent T EV: R, draw- 


. 4 4 
ing alſo the Secant SCE; then will GEV RA 


4 


| 44 
(by 47. e. 1. Euc.) and Conſequently »E=y R ＋— 


4 
II. Ia 


4 = a 3 . « 
" =» 6 


S 1 1 = 5 3 3 V | . ka 
py 1 9 1 1 : FA 1 SR n r 
err 71 7” ON. * 

3 $ 1 4 0 1 * q j a þ 9 


_ 
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II. In the ſecond Form, where 44 — d4=R, à will be 


= ad d 

equal to /;:R + —— + —. And Conſequently, 

4 1 

0 The ſame Conſtruction and Diagram will ſerve here, 

which was uſed in the firft Form: And the Root will 
be Repreſented by SE=# :5dd+R +24. | 


A III. In the third Form, where 82 —44=R, à will 


8 
be equal to —- E: — R, and here the Root « 


2 4 
hath two real Values; make CT () the Radius of 


B 


Circle, and ere@ the Perpendicular ET V: R; 


= then draw EQ Parallel to CT and NO Parallel to 
4 E T, drawallo the Radius CN. Then will (by 47. e. 
= j IS 
Bn 1. Euclid.) CO=y:—— —R, and conſequently, 
= 4 
S | SS 
BO=—4+y;—— — the greater Root 4, and 
- 4 | 
1 S 88 ; ; 
= OT=——1V:;———R, Or the two Roots will 


2 4 
b E; equal to th former. 
£QNandN 3 eqt | e (WO Aifelted 
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Adfected Quadraticks. 


R. Valliss way of Conſtructing the three Forms 
of all Quadratick Equations, according to Mr. 
oughrred's Method of Solution. Draw two Concen- 
tick Circles, and let the Diameter of the greater be 


0 dl. E 1 


called S, and the Diameter of the leſſer D, the Summ 
and Difference of the Roots found. Wherefore H and 
4 will repreſent the half Summ and half Difference of 
of the Roots. | 

Since thereforeOughtred's Theorem, as is ſhewed above, 
$ThatSS —=<DD==4R. Let / R be made a Tangent 
to the leſſer, or a Right · Sine to the greater Circle, as you 
ee in the Figure according as D, or 8, is given: And draw 
alſo the Hypothenuſe H. Then will the Baſe of the Tri- 
angle be d. And HH - 44 R (by 47. e. 1.) That is 
SS DD 
7 _ 
HH=z=R +44, and therefore H V: RAA: And 
conſeguently, if it had been in the firſt or ſecond 
Forms, where 4 and R were given, H will allo be 
found. Or if H had been given, and d required as in 
the third Form. Since, HH=R +4d4; Theretose, 
HH—R=4dd; And /.: HH - R =4:-And having 
2 thus 


= R. Wherefore by Tranſpoſition, 
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62 Adfected Quaaratichs. 
thus found H and d, the half Summ and half Die. 
rence of the two Roots. Then H +4 (op) will be 
the greater Root 4. and H —4 ( pn) will be the 
lefſer, which will be Affirmative or Negative accor. 
ding to the Form and Circumitances of the Equation, 


A Queſtion and Problems in Adfeited Quadra. 
tick Equations. 


QUESTION. 


Two Men have each a certain Number of Crowns, whoſe 
Summ Subtracted from the Summ of their Squares leave; 
R=78; But their Summ added to the Product of th: 
two Numbers makes 39 =S. How many Crown: 
had eack ? | | 


For the unknown Summ of the Numbers put 2 «, 
And for their Difference 2 e. For then the Number; 
may be thus Noted, a +e => and a—e=<. 


Where > and < fignifie the greater and leſſer. 


Then, 


| 1 r Sum of their Squares. 
1—24 2244 T 2e —24=R. by the State 
of the Queſtion. 
R 
3 [424 Te e - 22 —. 39.8. 
2 
41 39 —aa+4=ee, which Step wil 
at laſt help to find e. 
5 | 44—eeb24=S, Their Product 
added to their Summ. 
by Tranſp. 6442 ＋ 24—S=ee. 
| 7139 —44+a=aa+S24—39 (5) 
=, 
8 | 78=2445- 4, 
9 | #4 ＋ 2= 39S: which is a Quadra- 
tick of the firſt Form. 


— 9 


Comp.. 


F > © 


K 


15 
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compl. UI 10 4 TAE === 

w | e te 
1242 239 + te — £= Go 
131 Therefore 24=12, T 

And (4) being known, the value of (e) will be 
found from the fourth Step, Where e = 3. 

Now, by our Suppoſition at firſt, the greater Num- 
ber was 2 ＋e, that is 9; and the leſſer was 4—ez 
that is 3: Which Numbers 3 and 9, will Anſwer the 

veſtion. | 

For 12, their Summ, taken from go, the Summ of 


their Squares, leaves 78 z and added to 27, their Rect- 
angle, makes 3 9. 


N. B. By this Method of putting a e and 4 —e 
for the two Numbers ſought, inſtead of 4 
and e, as in the common way; many Queſti- 
ons producing Adfected Quadratick Equations, 
when that way manag d, may be ſolved as eaſi- 


ly, and in the manner of Sim le Equations. 


Eſpecially when the Summ and Difference, or 


Summ or Difference of the Squares of the 


Quantities ſought, are among the Data, 


P K B- 


= 
U 4 #} 
* = 
LS "79 
* N o . 
" 4 
3 g 
* 8 - 0 
= \ 7 
2 COR l 
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Aafected Quadraticks. 


PROBLEM I. 
The Difference of both the Legge of b 
4 Rightangled Triangled being given |— 
| from the Hypothenuſe; to find the Sides 4 
and the Triangle ſeveralh, and to Form it. — 


Let the Difference of the leſſer Side from the Hy- 
pothenuie be (5) and that of the greater (d.) 


For the greater Side ſought put ( 4.) 

. Then will, 

h 4+ d= Hynothenuſe, and 

4 Ty — "Ry. be the leſſer Side. 

a44+24d+dd.=24aa +240 
24b—2bd+dd TA 

44 —24b—2bd+bb=0 

| by Compariſon and Tranſpoſition of 
| the laft Step, 

Tranſp. | 5 ] 44 —24b=2bd—bb. which is 2 

Quadratick Equation of the ſecond 

| Form, 

6 [| 44—24b+bb=2bd. 

4 —b=V :2bd. 
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Geometrical Conſtruction. 


ind a mean Proportional between 4 and h, which 
jt be DF: to which, place at Rightangles FG=to 
DE, draw GD, and cut off HD=GD. Then will 
BH be the greater Side fought. And this being pro- 
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duced to C (fo that CHE D) will give CD (AC) 
the leſſer Side of the Triangle required. Draw à Se- 
micircle on CB, and apply A B= HB. Then draw 
AC and the Triangle is found, which is A CB, 
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PROBLEM UI. 


Having in the Square AB CD, the Difference between 


the Sides and Diagonal = 6. or a, to find the Side of 


the Square. 
A B 
* <c 
N 
| We” k 


Let the Side ſought be called x, and 6=4, 
Then x + 4= AC the Diagonal. 


But (by 47 Cb. 1. Eucl.) ACq;=2ADgz or to 2x% 


That is xx 4-2 x44 44=2xx. 
Expunge then x x on both Sides, and it will be 
2x44+44=xx. and then by Tranſpoſition, 
xx—24x= 44. Compleat the Square, 
and it will be x x—24x+4a4=244 
Wherefore x —- 2 V 22 
Ad Conſequently x VaZAZ +4 14-48. 


uf 

4 
LY 
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+ ©L.# b = SST, 1; # = . 
GS tad oC: 

l T7 3 A 


| Adfelled Quadratic. G67 


PROBLEM III. 


Given one Segment of the Baſe of a Right-angled Tri- 
angle, as alſo the Side the Triangle Adjacent to the 
other Segment of the Baſe; tis required 10 find itbe reſt, | 

and » fon the Triangle. | : 


— 


Suppoſe it done; and let the Segment b, and the Side 
c, be both known or given. Let x, the other Segment 


F I” 
D LY 


of the Baſe, be ſought; which is all that is necefſary$6 | 
ſolve the Problem. = 

Here therefore, ſince P is ſuppoſed to be a' true | 
Perpendicular. 


ur RY WIWTEW el 


1 |[cc—xx=pp. 47 61. Euclid. 

And becauſe the Angle at the Top is a Right 
one, therefore pp =b x, which gives another 

| way of expreſſing pp. So that, 

3 ia mrs and confequently by Tranſpo- 

tion. 

4 ce bg. which is an Adfected Quadra- 

tick of the firft Form, Wherefore, 

| bb bb 

5 Rr = xXxT IX — — by COM- 


= — _ =_ = 
* ＋ 1 * pf 5 
Er V 20 " 
To > WY 7 Mt 2 
Fa SS * r : 


— Pr n 


4 
pleating the Square, And, 


K 2 6 
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= | || T3 b 


Vee + = x + , by Evolution. Laſtly, 
4 ET 7 OY 


[ 1 = 7 
1 1 EEE Coley 
| | 4 2 


Geometrical Conſtruction. 


1 F 1 Join together at Right-angles e F =I b and FA 
_— = C. Then with the Radius e E Deſcribe the Circle 
—_— BFD, and thro' the Centre e draw the Line A DB. 

=_ rect then at D the Perpendicular D K, which Limit, 
—_ pets . 47 
* B 2 


F © AH 


by Deſcribing a Semicircle on B A: that Semicircle ſhall 
cut the Perpendicular in the Point K, the Vertex of 
the Triangle required, whence draw the two Tegs 
BKand K A. $0 is BKA the Triangle ſought, 
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Of Cubick and Biquadratick Equa- 


tions. 


R. Harriot ſhews the Original of a Cubick Equa- 
M tion to be derived either from three Lateral or 
Simple Equations, reduced firſt to the Form of Bino- 
nials, and then Multiplied continually into each other; 
or elſe from one Quadratick multiplied by a Lateral. 

Whence he deduces that all Cubick Equations have 
Real or Imaginary, 3 Roots; or as many as are the 
Dimenſions of its higheſt Power. 

Thus to form a Cubick Equation, let its 3 Roots or 


Values be 4 = 2 
Pf 8 then by reducing them to his Form 
4224 

of Binomials they will ſtand thus, 


4 — 2220 
4—3=0 
4 —4=0 < 


And theſe 3 Binomials multiplied continually into 
one another, do produce this Equation 444 —- 94 4 
+264—24=0 or 43 944 ＋ 2622 24. Which 
Cubick Equation would have been produced alſo by 
Multiplying the Quadratick 4 4 — 5 4 + 6 =0 by 
$=-=4= 0. | 


In like manner, he ſhews the Derivation of a Biqua- 
iratick Equa.ion to be either from four Simple or La- 
teral Equations, reduced as above, to the Form of 
Binomials, and continually multiplied into one ana- 
ther: Or elſe from a Cubic into a Lateral, one Qua- 
UGatick into angther, or a Quadratjck * 

2 Hat; 
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2 Laterals. Wherefore he faith, every Biquadratick 
will have Real or Imaginary, four Roots, agreeable to 
the Dimenſions of its higheſt Power. 

Thus if the former Cubick 43 —g a4 +26 — 249 
be multiplied by «+ 5 =o, there will ariſe this Bi- 
quadratick Equation 4 — 44* — 1944 + 106 4a 
120=0, That is a* —44* — 1944+ 1064= 120. 

From which Original of theſe Cubick and Biquz- 
dratick Equations, tis plain, That aſſoon as you can 
diſcover the Value of any one Root: You may De- 
preſs the Equation a Dimenſion lower, by dividing it 
by ſuch Root reduced to the Form of a Binominal, az 
above. Thus if you find that one Root, or one 4 is 
=2, then divide the laſt Equation by 4 — 2, and it 
will bring it down to a Cubick; and that Cubick being 
again divided by 4 — 3, 4— 4, or 4 + 5 will be De- 
preſſed into a Quadratick, Oc. And this is ſometimes 
of good Uſe to diſſolve 4 Equations into their 
Components, as hath been ſhewn by des Cartes, Hudi, 
and others. 

From this Method of Compoſition of theſe Equations, 
tis alſo apparent, of what Members each of the Coeff- 
cients are made up. For, 


I. The Coefficient of the ſecond Term is always the A- 
gregate of all the Roots under contrary Signs, Thus, in 
the Cubick Equation abovementioned, the Coefficient 
9, is the Summ of 2, 3 and 4, with the Negative Sign. 
And 4 the Coefficient of the ſecond Term in the Biqua- 
dratick Equation abovementioned, is the Aggregate 
of 2, 3, 4and — 5 ; that is 4, with a Negative Sign. 
Wherefore it follows, That if all the Negative Roots, 
Secluding their Signs, be equal to all the Affirmatives; 
(tho not each to each reſpectively) then will the Se- 
cond Term quite vaniſh out the Equation, and be wan 
ang, as tis call'd ; becauſe the Negatives and Affirma- 
tives do mutually deſtroy each other: And vice-verſa, 
when ever the ſecond Term is wanting in one 6.0 

: ' qua- 
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Equations, the Roots are thus equal, and have con- 
trary Signs. 


II. The Coefficient of the third Term is the Aggre- 
gate of all the Rectangles made by the Multiplication of 
every pair of the Roots, as often as they can be taken: 
Which in a Cubick is three, in a Biquadratick fix, in 
an Equation of the 5th Power ten, Oc. according to 
the Order of Triangular Numbers. 

Thus in the third Term 26 4 of the Cubick Equati- 
on beforementioned; 26 the Coethcient is the Aggre- 
gate =o 8 and 12, the three Rectangles of the Roots 
2, 3 and 4. 

"And here if all the Negative ReQangles (Secluding 
their Signs) are equal to all the Affirmative ones, they 
will deſtroy one another, and ſo the third Term will 
raniſh or be wanting. 


III. The Coefficient of the fourth Term is the Ag- 
gregate of all the Solids made by the continnal Multi- 
plication of all the Ternary's or every three of ſuck 
Roots ſo Signed, Oc. and ſo on ad Inſinitum. 


IV. As in Quadraticks the Abſolute Number given, 
8always the Rectangle of the 2 Roots, or values of 4. 
So in Cubicks tis always the Solid made by continual 
Multiplication of all the three Roots one into another; 
ud in Biquadraticks, of all the four Roots, Cc. 
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The Reſolution of Cubick and Biquadratick 
Equations. 


As to the Reſolution of theſe kind of Equations; 1 
ſhall in this ſhort Treatiſe make no mention of Kerſey 
way of finding all the juſt Diviſors to the laſt Term, 
or Abſolute Number given (See Kerley's Algebra, 
Vol. 1. Book 2. Chap. 10. SeR. 9.) Nor of the Common 
Rules of Cardan for Cubicks : Where the ſecond Term 
muſt firft be taken away; becauſe at the beſt they are 
not perfect; and alſo becaule they are very tedious and 
troubleſome. 

I would rather adviſe the Learner to make Uſe in 
ordinary Caſes, of the general Method of Stevia 
mentioned by Xerſey in the ſame Chapter: For tho 
that be but a Tentative Way, and comes to the Truth 
only by frequent Trials; yet when 'tis made familiar 
by Practice, and Experience hath taught him how to 
judge of the Limits of Equations, it will Expediti- 
ouſly enough diſcover one true Root (if ſuch there be) 
in almoſt any kind of Equation ; Whether having all its 
Periodick Degrees, or Terms, or not. And when one 
true Root is found, you may (as is ſhe n above) de- 
preſs the given Equation by it (if it be a Regular one) 
one Degree lower; and by that means eaſily diſcover 
the other Roots. 


Of this Method take a few Examples. 


EXAMPLE I. 


Suppoſe the former Cubick Equation given, a - 94a 
| 262 = 24. | 


Firſt, I will imagine a= 1. and working according 
to the Equation, I find that 27— 9 (= 18) =24 
Wherefore I conclude & is greater than 1. Itry 4 
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and ſuppoſe 4 = 2. Then will 8 + 52 — 36 (i. e. 
b0 — 36) = 24. Which anſwers my deſire, and gives 
me one real Value of 4 the Root in this Cubick Equa- 
tion: After which I may either Divide the given Equa- 
tion by 4 — 2, which will bring it down to a Quadra- 
tick; or I might have proceeded further in the ſame 
Method, and have found alſo, that 3 and 4 would have 
been the other 2 real Roots. 


EXAMPLE II. 
Suppoſe aaa —22aa +157 a= 360? 


I make tryals with 1, 2, 3 and 4, and find them all 
too little; wherefore I imgaine 4 = 5+ Therefore ac- 
cording to the Equation, 4244 (= 125) +1574 
(=785) - 2244 (= 550) 3603 which I find it is 
exactly; And thence I conclude that 5 is one true Root 
of that Equation. Dividing then the Equation 44 4 — 
2244+ 1574 —360z=0by4—5. I reduce it to 
this Quadratick 44 —17 4+ 72=0. That is 44— 
174=72, whoſe two Roots are 8 and 9; wherefore 
I conclude 5, 8 and 9, to be the 3 Roots of the Equa- 
tion given. 

If this irregular Equation were propoſed, ( where 
alſo the Abſolute Number is a Fraction) x x x x + 
$0x= 1$4638,6801, I can diſcover at firſt Sight al- 
moſt, that x muſt be at leaft equal to 10, and tryin 
with 10, 1 find it too little 4 but trying with 100, 
find that much too great; proceeding then again, I 
find 3o too much; I try 20, and I find that ſowething 
too ſmall; but 21, I find too big: Wherefore I know 
x muſt be = to 20, with ſome Decimal Fraction an- 
nexed. And at laſt I diſcover 20.7 to be the very 
Root ſought ; For Multiplying that according to 
the Equation , it will produce * x + 50 * 
| 184638.6801. 


vi 
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But for an Univerſal Method of Extracting the 
Roots out of all manner of Equations, whether Pure 
or AdfeFed, in Numbers, there muſt be recourſe had to 
that of an Infinite or Converging Series, Which, I be- 
lieve was firft hinted by the Incomparable Mr. Jſzz 
Newton, and afterwards purſued very fully by Mr, 
«Ralpbſon ; and from him by D. Lagney; then the Sa- 
gacious Mr. Halley took the Matter into Conſidera- 
tion (in Philoſoph. Tranſat. N. 210. A. D. 1694. 
Demonſtrating the Reaſon of D. Lagneys Rules; 
and carrying the Thing much farther, by an Univer- 
ſal Method of his own. Which becaule tis there 
largely delivered, Illuſtrated with Examples, and Ex- 
plained by proper Notes and Obſervations ; And be- 
cauſe alſo the Ingenious Mr. Wells of Oxford, hath gi- 
ven a __y good Account of it in his Element. Arith, 
Numer, & Specioſ, I ſhall not here ftay to Explain; 
but muſt referr the Learned Reader thither. And this 
I the rather chuſe to do, becauſe Mr. Ward alſo in his 
Compendium of Algebra hath largely inſiſted on this 
Subject, in our own Language; hath very much im- 
proved on Mr. Ralphſon's and Capt. Halley's Founda- 
tion, and given a variety of Theorems and Examples; 
with very uſeſul Contractions in the ſeveral Methods of 
Operation. 

I ſhall therefore next to give you the Geo- 
metrical Conſtruction theſe kinds of Equatio 
by which A their reals Roots will be moſt caſily 
.rexdily found. 


„ 
rere 
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Equations. 


Since the Conftruttion of theſe kinds of Equations is 
done by the help of the Parabolz : It will be 2 


j firſt to Explain what is meant by that Word, and 
; to ſhew you thoſe properties of it, which are made uſe 
ö of in theſe Conſtructions. | 

If then a Cone, as abc be cut thro? its Axis, the 
Section will be a Triangle, as 4 bc, and if in the Plane 


of that Triangle you draw a Line or A x X Parallel to 
either ſide of the Cone, as ſuppoſe here, to ac: And 


then in the Plane of the Circular Baſe of che Cone, 
erett XN Perpendicular to the Diameter. 1 ſay, if | Gy 
jou imagine the Cone to be now cut by another Place, Pa» 

L 2 according 5 ot 


r 
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according to the two Right-lines A Xx, XN, the Secti- 
on ariling from thence, NzArRN is called a pr 
rabola. 

The Point A is called the Vertex of the Section, or 
the Vertex of the Parabola. 

Any Right-line, as rx, or RX; 7x or NX: Ap- 
plied at Right-angles to A X (which is called the Axis 
of the Parabola) is called an Ordinate: And the Part 
of the Axis intercepted between the Vertex A and the 
Ordinate, is called the Ab/ciſſa : By ſome, the Inter- 
cepted Ax. ö | 

And if you imagine a Right-line found, as PA, 
which ſhall be a third Proportional to the 4h ſeiſſa, A x 
and Ordinate, rx; and which ſhall be placed at the 
Vertex A, Perpendicular to the Axis, or which is all 
one, Parallel to the Ordinates: That Line is called 
the Latus Rectum, or Parameter. 

And the Nature of this Curve, the Parabola, is 
ſuch; That it any one Ordinate as xr be a mean 
Proportional between P A the Parameter, and Ax 
the Abſciſſa: Then will every other Ordinate, where- 
ſoever drawn, be ſo too, between the ſame Parameter 
PA and the Proper Abſciſſa to that Ordinate. 

This therefore is the firft Property of the Para- 
bola; that, The Square of any Ordinate is equal to the 
Rectangle under whe Parameter and the Abſciſſa, proper to 
that Ordinate; which may be thus eaſily Demonſtrated, 

Draw fd Parallel to the Diameter of the Baſe of the 
Cone; or imagine the Cone to be cut there again, by 
a plane Parallel to the Baſe z then will that Section be 
a Circle, 

1 | *Tis plain xd will be =X c, as being oppoſite 

Sides of a Parallelogram. | 
2 | The Square of XR = Rectangle bXc, and the 
1 Square of xr = Rectangle f xd, from the Na- 
| 


ture of the Circle, 
AX. XG: : Ax. xf. by Similar Triangles, 


| Where 
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4 | Wherefore if X and xf be Multiplied by one 
and the ſame length, the Proportion will con- 
| tinue, and it will ftand thus, A X. XX X:: 
Ax. x fx xd. | 
That is in other words AX-XR qz:: Ax.x79; 
by Step 2. and therefore alternately, AX. Ax:: 
XR9qz.x79;- Which by the by, ſhews you allo 
another general Property of the Parabola; that, 
The Squares of the Ordinates are to one another as the 
Abſciſſe. Vid. Mydorg. Conicorum Lib. 1. Theor, 


7 | 
| 6 | If four Quantities be proportional, they may be 
XR * 14 
AY: + As 
And then either of thoſe Quantities will expreſs the 
Parameter or Latus Rectum: Let each therefore be 


X 
called P. Wherefore ſince P. PX AX will 
AX 
be equal to X Ri: and PX by Ax=xrq; 
7 Wherefore P. X R:: XR. AX, and P. xy: : xv. 
Ax. 


That is in Words, 7he Ordinate ij a mean Proportional 
between the Parameter and the Abſciſſa. 

Or, The Square of the Ordinate is equal to the Nei- 
angle under the Parameter and Abſciſſa., Which is the 
firſt Property of the Parabola, below to be made uſe of. 

The ſecond Property of the Parabola here to be ob- 
ſerred is this; that, The Parameter ij to the Summ of any 
two Ordinates, as their Difference is to the Difference 
of the Abſciſſa. 

Which Property, now commonly called by the Name 
of Baker's Property, was unknown to the Ancients, and 
was diſcovered by Mr. Strode of Maperson, who Com- 
municated it to Mr. Baker, as he Ingenuouſly owns. 
Tho' Mr, Baker applied it with great Advantage . 


expreſſed Fraction · wiſe thus, 
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the Conſtruction of Cubick and Biquadratick E 

ons having all their Terms, as we ſhall ſhew below, 
This Property, is thus Demonſtrated very briefly, 


Letp be the Parameter, O and 5 two 0rdinates 
and & their proper Abſciſſe. un 


| 


. 9. Sf 


I ſay that P.O4p63;0 -. A—4 


For, 


PA=OO and PZ o, by the firſt Property 
pdf this Curve. 
| Wherefore PA- PZ OO 09, and then by 


only, 

Neiing that Equation into Proportionals, it 
* ſtand thus. P. O:: O-. A—4 
* E. 9 . 

Epecanſe in the Conſtructing of Equations this way, 

there will be frequent (or rather conſtant) occaſion to 

deſcribe Parabolas proper for the Equation '(for tho 

Mr. Baker truly faith, it may he done by one 2 


and Biquadratick Equations. 79 
ſame Parabola, yet whoever will apply his Theory to 
practice, will find great trouble and difficulty in it:) 
For this Reaſon, I ſay, tis very Convenient to know 
readily how. to draw a true Parabola on a Plane by Scale 
and Compaſs; which is moſt eaſily and expeditiouſly 
done thus, 

Firſt, draw the Right-line « Af X, repreſenting the 
Axis of the deſigned Parabola. Then, whatever the 
Latus Rectum, or Parameter of it be, (tho* by the by, 
twill be beft, either to make it exactly an Inch, half 
an Inch, Oc. from a good Decimal Scale, unleſs its 
length be Determined by one of the Data in the Equa- 
tion, as it often may advantageouſly be) whatever 
therefore be the length of the Parameter, ſet one half 
of it downwards from 4 tof, So ſhall f be that Point, 
which is called the Focus of a Parabola: Then Biſſect 
fa: And that Determines the Point A, which is the 
yertex of the Parabola. Next ſet PR (S to the Pa- 
rameter) {at Right-angles to the Axis in the Point 
f, which will give P and R; two Points, thro* which 
the Curve of the Parabola muft paſs. Draw then as 
many Parallels as you pleaſe to PR, downward from f 
(which is eaſily and ſpeedily done by a good Parallel 
Ruler) as bb, b, &c. ſo ſhall the diftance 4 ö, ſet. 
from f, cut and Limit every E correſponding Pa- 
rallel, and give the Point b, on each Side the Axis, 
thro which the Curve of the Parabola will paſs. 
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See the Demonſtration of this in Sturm. Math. Enu · 


cleat. and in Baker's Geometrical Key. p. 3. 


The firſt that attempted the general Conſtruction of 
theſe Equations, was the Famous D. Cartes: Who in 
the third Book of his excellent Geometry gives a Me. 
thod, by means of a Parabola and a Circle, to Conſtrul 


AY: K i e ei, > 
E 8 1 
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and find the real Roots of all Equations not exceeding four 
Dimenſions. Which Method was however not Perfect, 
becauſe it would Conſtruct only ſuch Cubick and Biqua- 
dratick Equations as had their 2d. Term firſt taken away. 
However, becaule this was it which gave Riſe to 
Baker's excellent Rule, and to whatever Improvement 
have been ſince made in it; and becauſe here is laid the 
firſt Foundation, Reaſon, and Demonſtration of the 
whole Matter; I ſhall begin with a ſhort account of it. 
When the ſecond Term is taken away, or wanting, 
He reduces all Cubick Equations to this Form Z3 * 
4% f. 444 o And all Biquadraticks to this, Z Xx 
45 J. 44q73-444r =0. Where à repreſents the Latus 
gectum or Parameter of any given Parabola; and is ſup- 
poſed = 1. That ſo its Powers may produce no trouble 
in the Operation. By which means the former Equa- 
tions will be in this Form, Z X pp. q=o, and Z* Xx 
7. . Tg. Where : is the unknown Root ſought 3 
p the known Part of the Third Term, or a known Number 
Multiplied into the Square of z. q the known Part of the 
Fourth Term, or another known Number Multiplied mto 
7. and r (if it be a Biquadratick) is the Fifth Term, or Ab- 
ſolute Number given. But if the ſecond Term, had not 
been wanting, that would have been p; the third q; the 
fourth 7,&c. and in the Cubick4q is the abſolute Number. 
Let then any Parabola, as F A G be ſuppoſed to be de- 
ſcribed whoſe Axis is AD L, and its Parameter 4 = 1. 
Firft, take A C equal to 1 4: So that the Point C 
will always be within the Parabola. ext in the Axis, 
(downwards from C if p have a Negative Sign, but up- 
wards in the Axis produced when p hath a Poſitive 
Sign) take CD = p. Then from rhe Point D thus 
found, (or from C if the known Part of the third Term 
q be alſo wanting in the Equation) erett a Perpendi- 
cular to the Axis, as DF, and make it equal to + q. 
Which Perpendicular DE muſt be on the Right: hand 
of the Axis, if q have a Negative Sign; But towards 
the left if it be 4-q. After which deſcribing a Circle 


on the Center E, with the Radius E A, jt will (if the 
M E qua- 


. 
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Equation were only a Cubick one) cut the Parabola in 
as many Points as the Equation hath true Roots: And 
the Affirmative ones will be Perpendiculars or 0rdinates, 
let fall from the Curve to the Axis on the Right-hand, 
and the Negative ones /xch, ſo let fall to the Axis on 
che Left hand. 

But if the Equation be a Biquadratick ; There is 
ſomething farther neceſſary to find the Radius of the 
Circle. For then the fourth Term er being there, and 
having a Poſitive Sign, take downwards from A the 
Vertex of the Parabola, AR =r and produce R A, till 


„„ „%% 
„ 
* 


5 


L 


As become Seto the Parameter, or =4==1- * 
make RS the Diameter of a Circle, and at A erett an 
Perpendicularly ; it ſhall cut the Semicirclepn H: 


that H E ſhall be the Radius of the Circle that is co 9 


g__— 
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the Parabola. (See alſo Fig. following, Where the Point 
D. is in the Axis produced above the Vertex.) 

But if the Quantity 7 happen to have a Negative 
Sign in the Equation ; there muft yet another Circle 
be deſcribed on the Diameter A E: In which accommo- 
date AI= to AH the Perpendicular before found: 
Which will find the Point I, thro' which the Interſect- 
ing Circle muſt paſs: And whoſe Radius will be IE: 
And Center E, as betore. See Fig. inp. $4. 


And by this means a Circle will be drawn, which 
will cut the Parabola in 1, 2, 3 or 4 Points, from 
whence Perpendiculars let fall to the Axis, will be all 
the poſſible or real Roots of the Equations, Affirma- 
tive or Negative: The former of - which will be on 

M .2 the 
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the ſide of the Axis that the Center E is, when tis 
+ q, but on the other Side, when it is — g. 

The Demonſtration of all which he thus very eafily 
gives us. 

Call the Ordinate G K, by this Conſtruct ion found 
to be a true Root, by the Name of 3. Then ' tis plain 
the Abſciſſa, A K muſt be ⁊ 1, becauſe in the Parabola 
the Ordinate is always a mean Proportional between the 


F 
[ 


Parameter (here ſuppoſe d= 1.) and the Abſciſſa; by 
the firft Property of this Figure above Demonſtrated, 
Wherefore if from AK you take A C= (or £4) 
and then CDS gp: The Remainder DK (EM) 
will in this Notation, be 22 —4p—£ (See the two 


former Figures) And this Quantity 21 — 2 — 4, 
pP 5 

Squared, produces 7* — P —- 1  — +—++ 
F- += 
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And becauſe by the Conſtruction DE or KM=<q. 
therefore the whole GM will be in this Notation 


14 
= 4. whoſe Square is 474 44 ＋ — Add then 


4 
this and the former Square of DK or EM together; 
and it makes z* PAT P44. 
which (by 47 & 1. Eucl.) will be = to the Square of 
EG, as being the Hypothenuſe of the Right-angled 
Triangle EMG. 

But this Line E G, being the Radius of the Circle 
FG, may ealily be expreſſed another way, by taking 
for it, its equal EH: For fince E D was taken equal 
to 4 and that AD was = p +2, EA muſt be = 


532 ; Hs - a. : 
toy; — + — + — + 5 by reaſon of the Right- 


+ 4 2 
angled Triangle ADE. 

Wherefore allo, ſince AH is a mean Proportional 
between AS 1, and AR=r, it muſt be noted by 
Vir. And ſince EA H by the Suppoſition is a Right- 
angle, the Square of EH (i. e. EG) will be equal to 
the Summ of the Squares of H A and of E A; Now the 


. 
Square of EA is — + — + -: To which ad- 
2 


4 4 
ding the Square of AH r, it will ſtand thus, 
OEH=4q4q++3pp+ip+i+r: And ſince 
EGS SEH, theſe two Quantities will be equal, vi. 


42 
iter RTT 


4 
or. 
+ — + — +2. +7: Compare then theſe two, and 
3 
reject what is common to both, and you will find re- 
main 3* + p 373 — qq+r. o. 
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From whence it appears that the Ordinate GK 
which we called 2, is the true Root of the Equation 
propoſed to be Conftrutted. Q. E. D. 

And if you apply this Calculation to all other Caſs; 
of this Rule, changing the Sign & or —, as occafion 
requires, you will gain your Deſign atter the ſame 
manner. 

Thus far went D. Cartes in this matter ; but he con. 
ſidering only the Axis of the Parabola, and not think. 
ing what might be done by the other Diameters or Pa- 
rallels to the Axis, could not this way Conſtruct cither 
Cubick or Biquadratick Equations, till he had firf 
cjected or taken away the ſecond Term; Which to 
effect is a tedious and troubleſome Operation. 

All which our Famous Mr. Thomas Baker Rector of 
Nympton, in the County of Devon, well conſidering ; 
and having withal ſeen how near Schooten was of gain- 
ing the Point (who drew a Parallel to the Axis with- 
out the Curve, and by that means Conſtructed Cubicks 
without taking away the ſecond Term. See his Com- 
ment on D. Cartes 3d. Book p. 328) He thought of 
drawing a Parallel to the Axis within the Figure; 
whereby, and by the help of Mr. Strodes property above 
mentioned, viz. That the Parameter is to the Summ of any 
two Ordinates :: as their Difference is to the Difference 
of their Abſciſſe: He found he could Conſtruct all forts 
of Equations, not exceeding four Dimenſions ; whe- 
ther all their Terms were there, or whether the ſecond, 
third or fourth Term, or all of them, were wanting, 
And that he could find the Center of a Circle which 
would cut the Parabola in as many Points as the Equz 
tion had real Roots: Which real Roots, would nov 
be Perpendiculars, let fall from thoſe Interſected Points 
of the Curve, to the ſaid Diameter or Parallel to the 
Axis. Of this he gives abundance of Examples and 
Caſes, with their Demonſtrations, in his Geometrical 
Key, or Gate of Equations unlockd. And becaule the 
chief or rather only difficulty, lies in finding the Cen- 


ter of a Circle which ſhall Interſe& the Parabola - — 
| LTH” of oin 
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Points required; He gives us for this purpoſe, what 
he very properly calls his Central Rule: Which is a Rule 
conſiſting of two Parts: By the former of which he de- 
termines the Point D in the Axis, from whence the 
Perpendicular DH is to be eretted ; And by the lat- 
ter, the length of that Perpendicular, whereby he finds 
the Point H. the Centre of the Circle required. See 


the following Figure in p. 89. 
His Central Rules are theſe, 


L PP 4 
l. — 4 ———b=AD 
2 >» ia 
Pp PPP , 
II. — + Mi ==i==DEH 


4 r 


And becauſe L the Latus Rectum or Parameter of 
the Parabola is equal to 1. it may be contracted in- 
to this Form, 


BY of OR. 
L +— + —=b=AD. 
2 1 


7 PPP Pp o 
4 6 4 2 


WW”. 


The Analytical Inveſtigation of which Central Rule 
Mr. Baker gives, tho' obſcurely, in his above meati- 
oned Book, And tis done alſo much clearer, by Stur- 
mus in the Appendix to his Introduction to his Spectous 
Anahyſis, at the end of his Matbeſis Enucleata ; which 
the Reader would do well to Conlult, 

The Invention, Reaſon and Demonſtration of which 


Central Rule is very briefly and clearly ſhown, as fol- 
lows3 


16 5 
on mn 
- 
. 
"— = 
a@ => f% 
= = - >= F | 
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lows; in which I was aſſiſted by that Learned Alge- 
briſt Mr. Abraham de Motvre. 

Suppoſe any Parabola drawn, as KAG. This 
Lemma, which expreſſes the ſecond Property of that 
Figure, as above mentioned, may be premiſed. 

That the Line K G being an entire Ordinate, and 
cutting the Diameter or Parallel to the Axis CH, at 
Right-angles in the Point H. Tis plain that L. HK 
(the Summ of the two Ordinates GO + OH) as:: 
HG (the Difference of thoſe two Ordinates) is to 
the Difference of the 4b/ciſſe, CH. Wherefore the 
Rectangle under L. (the Latus Rectum or Parameter) 
and CMH (=BO) the Difference of the Abſciſſe, is 
equal to the ReQangle underK H and HG (the Summ 
and Difference of the Ordinates ;) or equal to the 
Rectangle K HG. 
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Suppoſe then in the Figure annexed, Mr. Baker's 


L, the Parameter or Latus Rectum belongi i 
; Parabola to be called p== i. * 6323 
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Let CBA. GH = the Root ſought: then will be 
CDx=b. FG=7+4 and 
DE=d. HK=24+27. 


Wherefore by the Lemma, or ſecond Property of 
the Parabola px by CH=247z+77. 


247 +77 
Wherefore CH,, and EF (DH) 
P 
244 +I 
== — . but (by 47 L. 1. Eucl.) PE z 


p 
+EFGq—EGq=ECq=EDq+DC4gq. Thatis, 
44449 g+4et +38 
in this way of Notation, — 


7 
4647 — 2 77 
— ; = - bb +33 +:34+dd =bb 
p 


dd. | 
Teteibe out b 64-4 4 being common to both Sides of the 
44443 +4437 +58 
Equation, and it will ſtand thus, ———— 

PP 
4ba—2b7; 


— — + 24d O. Aſter this, 


. 4 8 
if you Multiply the laſt Equation by pp and then di- 
vide the Product by 2, you will bring it to this Form, 
4 +4477 + b — 22K 
+2274 =0. 


Or, 
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Or; to reduce it to a more regular Form, where 
the Terms ſhall be ranged in their proper Order, let 
it ſtand thus, 


Z TAANT PN 2572 
4- 44473 4-2p6d =0 
— 29 92 


Or it you had called the whole Line CQ by the 
Name of 4, as Baker calls it p, the Equation would ſtand 


thus, 
Z 4-24ZZ + ppY2— 2524 


+ aaz+2pbd o 
— 2bpFe 


And thus is a Cubick Equation produced, having all 
its Parodick Degrees, or Terms, and one of whoſe 
true Roots is apparently z, a Right-line let fall from G, 
the Point of Interſection of the Circle and the Para- 
bola, to the Diameter or Parallel to the Axis, CH. 

Now if you will compare this Equation Member by 
Member with one given to be ſolved in the common 
Form, as ſuppoſe Z +mZZ+rZ— Sg o, you will 
find all things reſpectively equal, Deſcribe any Pa- 
rabola, as K AG in the laſt Figure, where apply QC at 
Right-angle to the Axis, =+ m. Then compare the 
Coeſſicienis in the two next correſponding Terms in 
both Equations, and you will have pp S44 —2pb 
in th former, Sr in the latter or common Equation. 
Tris is {becauſe 2 a the Coefficient of the ſecond Term 
in one, is = to n in the other Equation, and conſe- 
quently 2 : m.) pp imm—z2pb=r. Where- 

PpP+ i mm——r mm LF 


2 2 ＋ 


IM . 92 p 
Which is the Rule to find the length of C D, or to de- 
termine che Point D, nearly the lame, changing only 
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the Letters, with Mr. Baker's firſt Rule, viz. * 


2 
PP q 


T 7 2L 


Then again, compare the next two Correſpond- 
ing and Equal Terms in both Equations together, 
and you will have 2 d — 2bpa4=S, wherefore 4 


8S＋ 25924 


= #=AD, 


3 Which being all a known Quantity, the 


252 | 
length of the Line E D is known; and conſequently 
the Central Point E is tound, on which the Circle is to 
be deſcribed with the Radius E C, or E G. 

For in every Cubick Equation, where are all the 
Terms, the Circle will paſs thro' the Point C, the 
Vertex of the Diameter or Parallel to the Axis. And 
the Circle will cut or touch the Parabola in as many 
Points as the Equation hath real Roors, which will be 
Perpendiculars, let fall from thoſe Points to the Diame- 
ter CH. And which of them are Poſitive or Affirma- 
tive, and whlch are Negative, hath been ſhewn above. 

But if the Equation had been a 1 the 
Circle will not paſs thro' the Vertex of the Diameter, 
but thro' another Point, to be found according to the 
Rnle above mentioned in Des Cartes his Conſtruction, 


8 
which is to ſet y — (if S repreſent the Abſolute Num- 


PP 
ber or fifth Term in ſuch an Equation, and have a Ne- 
gative Sign) at Right-angles to E C, on the ER 


the Diameter; but If be 5, then that Line / — 


muſt be inſcribed in another Semicircle made on the 
Line EC: Which being ſet from the Vertex of the 
Diameter C, will give in the Periphery of that _ 
ON Kd circle 
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circle on EC, a. Point thro* which the Interſecting 
Circle required ſhall paſs. 

And thus are Cubick or Biquadratick Equations Con- 
ſtructed, having all their Terms. But ſuch as want 
the ſecond, third, or any other Term, or Terms; May 
be as well Conſtructed this way, only by leaving out 
of the Central Rule, that Part of it which belongs to 
ſuch wantiz?7 Terms, and going on as is above ſhew'd 
with the reſt. 

If you would ſee how the Central Rule is Tnveſti- 
gated in the laſt Term of a Biquadratick, (as well as 
here in a Cubick,) according to Baker's Method, 

Suppoſe QC as before = 4. Then if 7 in the Figure 
be taken for one of the real Roots of a Biquadracick, 
a regular Equation will be produc'd in this Form. 


7% 24z% 442 2paby 8 
PN 


Compare this, as is above ithew'd, with any Per- 
fe&t Biquadratick in the Common Form; as ſuppoſe, 
2“. mri. 4. . So. Firſt, make QC 
Sam: Which is equal every where to in the other 
Equation, and putting therefore: m inftzad of a, that 
will ſtand thus, 


nm 
rt 
4 | 
— 2p bN TT 2ppdy 
+ pp 


The ſecond Term being expreſs'd by QC, go on 
to compare the third Term in each; ſo you will have 


= Os 


mm mn Mm 
— —2pbpp=+$+ Wherefore, þ p + -—-- 
4 | e 2-0, , 4 


_y 
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—q=2p6b. And conſequently dividing all by 2 p, 4 
2 

22 q 
＋— — — e AD: Which is the firſt part of 

8p 25 

the Central Rule. | 
And fince —pmb+ 2ppd r, therefore pm. 
FA m m 4 
=2ppd, But b=— + —— ; wherefore ſub- 
2 v9 : 20 

tracting this inftead of & in the laſt Equation ; It will 


ppm mmm mq 
on + —— +: =2ppd,and con- 


2 8 2 


be 


7 
ſequently, dividing all by 2p p; it will ſtand thus, — 
| 4 

m m 4 r 
—=d=DH; which is 


+ —— +——+ 
16pp 4PP 2PP 
the ſecond part of the Central Rule in a Compleat Bi- 


quadratick. 
That Excellent Mathematician Captain Edm. Halley, 


in his Philo. Tranſ. N. 183, hath a peculiar Diſſertati 


on on this Subject, of rhe Conſtruction of Solid Pre- 
blems, or Of Equations of the third or fourth Power. Iv 
which he not only gives the Reaſon and Foundation of 
Mr. Baker's Rule, gets rid of the Intricate Cautions of 
Baker, in Reference to the Signs, Oc. but he gives alſo 
anew Conſtruction of thoſe Equations which is very 
eaſie and ſhort ; And which therefore I ſhall now annex 
to what hath been already done. 

Let any Cubick or Biquadratick Equation having all 
its Terms be given to be Conftrutted, in one of thele 
Forms, Z*. bz. 4p. 44qzo. or Zz“. by; 
4 Dp f-. 44q7. 3. r o. to which it will be capa- 
ble of being reduced. Then deſcribe a Parabola as 


NAM whoſe Parameter or Latus ReGum let be 4: Its 
Vertex 
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Vertex A, andits AxiSABC. Then apply at Right- 
angles to the Axis ) PS A the ſecond Term in the E- 
quation; and thro' D draw DH Parallel to the Axis, 
aud let it be placed on the Left-hand, if b have a Ne- 
gative Sign; but on the Right-hand if it be E. In 
the Line AB continued downwards towards B, take 
BK=2 4; and then draw the Infinite Line FNP, 


A 


Nl, 


| 


take K C AB, always downwards from K; and if 
the Quantity p have a Negative Sign, take alſo the ſame 
way CERA); but on the contrary take it upwardg, 
if it be Y; then at the Point E thus found (or from 
the Point C, if p be wanting) let there be erefted E B, 
Perpendicular to the Axis, which ſhall cut the Line 
DE. when produc'd, in the Point F. Which Point 5 


9 9 
ere o 
Pal. 


' 3 
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if the Quantity q be wanting, ſhall be the Centre of 
the Circle required; but if q be in the Equation, and 
have a Negative Sign, then ſet towards the Right- 
hand, FG; but it q have a Poſitive Sign, FG 
muſt be ſet on the Left-hand of E, on MF produced 
that way. So ſhall G be the, Centre of the Circle re- 
quired, And GD its Radius, if the Equation be a Cu- 
bick. But if it be a Biquadratick, then the Square of 
CD muſt be augmented if it be — r, or diminiſhed if 
it be + 7 by the Addition or Subtraction ot the Re&- 
angle under r and the Parameter (which is very eaſie, 
as hath been before ſhew'd, to effect Geometrically), 
Then a Circle deſcribed with the Radius thus encreaſed, 
ſhall Interſect the Parabola in as many Points as the 
Equation hath real Roots, and Perpendiculars from 
thoſe Points let fall to the Diameter D H ſhall be thoſe 
real Roots in the Equation propoſed; Whereof the 
Affirmative ones M L will be on the Right-hand, and 
the Negative ones NO, on the Left. 

And much after the ſame manner doth he ſhew us 
how to Conſtruct Cubick Equations (having all their 
Terms) according to Schooten's Rule whereby the Roots 
are referr'd to the Axis. And becauſe Scbooten neither 
gives the Invention nor Demonſtration of his Rule, Mr, 
Halley ſhews its Original to be this; That every Cu- 
bick Equation having all its Terms, may be reduced 
to a Biquadratick (where the ſecond Term is wanting) 
by Multiplying ſuch Cubick Equation by 4 — bro, 
if it be I; or Z+b=o, if it be —b. Which 
new produced Equation ſhall have the ſame Roots as 
the Cubick had, and alſo one more equal to Tb, accor- 
ding as the Sign of ô was in the Equation ; As for In- 
ſtance, let this Equation Z —77b+ apy —444 
= 0. be propoſed to be Conftrutted, 

This Multiplied by + 4+- 6 (becauſe h hath a Nega- 
tive Sign) makes Z* — 33 b +-apzy3 4-449qz+4%5 
—7zbb+42pzb+ 4a4qb. which Equation when con- 
fidered, will want its ſecond Term, becauſe — Z3 b and 
+Z* b, do deftroy one another. So it will ſtand * 


Z“ X TAHE⁰RN T4447 
—bbzz4Þ4abzp4a49qb=O. 


Where the nr of the third Term, viz. 

— bb + 2p, do give = — +7 p, tobe taken inſtead 
24 

of 2p, or CD in Des Cartes Conſtruction: And the 

Coefficients of the 4th. Term a#q+abp give 24 

b 
| Wea to be taken inſtead of 3 q or DE, by which 

24 
means the Center of the Circle is determined; and be- 
cauſe one of the Roots of the New Equation, viz. 
＋ b, or — , is given, the Radius of the Circle, or 
Point in the Circumference will be known alſo, A 
Circle then being thus deſcribed, and Perpendiculars 
being let fall to the Axis from its Interſe@ion with the 
Curve of the Parabola, they ſhall be the true Roots re- 
quired, the Negative ones on the Left-hand, and At- 
firmative ones on the Right. 

And the Centre of the Circle required is found by 
this eaſie Conſtruction: Which is much the belt for 
Cubicks. A Parabola as A MD being deſeribed whoſe 
Vertex is A and Axis AH; at the Perpendicular di- 
ſtance of ö, the ſecond Term in the above mentioned 
Cubick Equation, draw K D Parallel to the Axis and 
cutting the Parabola in D, on the Right-hand it it be 
+ b, but on the left if it be — b. Then on A and D, 
as on 2 Centres, deſcribe with the ſame opening of the 
Compaſſes, two Pairs of obſcure Arks croſſing each other, 
asyou ſee inthe follow ing Figure, and thro' which'is to 
be drawn the Infinite Line B Cat Right-angles with 
the ſuppoſcd Line A D, and cutting the Axis in the 
Point E. Then fer (downward from E if it be — p, 
but upward towards A if it be +p) EF = p. And 
from F (or from E ff Þ be wanting) eret the Perpen- 
ticular Line FG, cutting the Infinite one B C, in the 

O Point 
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1 Point G. Laſtly, produce GH = 4 (towards the 


Right-hand if it be — q, but towards the Left - hand, 
if it be 4-g,) and then ſhall H be the Centre of the 
Circle required, and HD the Radius. Which Circle 
ſhall Interſe& the Parabola in the Points M and D, 
F whence Perpendiculars let fall to the Axis, ihall be the 
| | true Roots: And both Affirmative, becauſe on the 
1 Right-fide. The Demonſtration and Reaſon of which 
is evident from what hath been above deliver'd. 
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The Learned Mr. Halley in Philoſ. Tranfact. N. 190. 
hath an excellent Diſcourſe of the Number of Poiſible 
Roots in a Solid, or Biquadratick Equation ; and alſo 
| of their Limits: Where he ſhews, from the Principles 
L of the above written Method of Conſtructions; That 
y fince a Circle interfecting a Parabola muft do it, ei- 


ſl = L's _ =? IS | A Bo Nl * — r * ® - Ll 
= 0 Wei * q „ 

— 1 \ a es Rs * 

. reer 


[| ther in two Points or four: Therefore in Biquadra- 
[| tick Equations, there will be either two or four real 


= Roots, 


1 
7 J 
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Roots, Affirmative or Negative. And that if it hap- 
pens that the Circle touch the Parabola only in any 
Point, and do not cut it; *Tis then an Indication 
of the Equality . of two Roots having the ſame 
Sign. 

But in Cubicks, of all ſorts, and however Adfected, 
there is either but one, or elſe three poſſible Roots, 
ſuppoſing you allow Negative ones as ſuch. 

In Biquadraticks if the laſt Term » have a Nega- 
tive Sign, there are always, either two or four Roots. 


ben | 
Butif it be r, and alſo that y ;GD1—ar (See the 
lift Figure ſave one) be ſo ſmall that the Circle deſcribed 
with that Radins on the Centre G, cannot touch or cut 
the Parabola in any Point; Then is that Equation ut- 
terly Impoſſible 3 and is Explicable by no poſſible Root, 
either Affirmative or Negative. By what means he at- 
tains to the knowledge of theſe Rules and Limitations, 
the Reader may find there at large, where he fully Il- 
luſtrates all things with proper Examples, 


O 2 O F 


AAo 


on 1 


a — Sow — — 2 2 
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SURD ROOTS 


HEN any Number or Quantity hath its 
Root propoſed to be Extracted, and yet 
is not a true Figurate Number of that 
kind: That is, i its Square Root being 
demanded, it is not a true Square: If it's Cube 
Root being requir'd, it ſelf be not a true Cube, &c. 
Then tis impoſſible to aſſign, either in whole Numbers 
or Fractions, any exact Root of ſuch Number pro- 
poſed. And when ever this happens, tis uſual in Ma- 
thematicks to mark the required Roots of ſuch Num- 
bers or Quantities, by prefixing before it the proper 
Mark of Radicallity, which is /: Thus : 2. ſignifies 


the Square Root of 2. and 7.16. or 7: (3) 16. ſig- 
nifies the Cubick Root of 16: Which Roots, becauſe 
they are impaiſible to be expreſſed in Numbers exact- 
ly (for no effable Number, either Integer or Frattion 
Multiplied into it ſelf can ever produce 2; or being 
multiplied Cubically can ever produce 16) are very 
properly call'd Surd Roots. | 
There is alſo another way of Notation now much in 
uſe, whereby Roots are expreſſed, without the Radical 
Sign, by their Indexes: Thus, as x*. x5. XI. &c. g- 


nifie the Square, Cube and 5th Power of x; ſo x. x 


x*, &c. ſignifie the Square Root, Cube Root, Ce. of 
x. The Reaſon of which is plain enough, for ſince 


V: x is a Geometrical mean Proportional between 1. and 
; X. 
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x, So + is an Arithmetical mean Proportional be- 
tween o and 1. and therefore as 2 is the Index of the 
Square of x, + will be the proper Index of its Square 
Root, c. | 

Obſerve alſo, that for Convenience or Previty ſake, 
Quantities or Numbers which are not Surds, are often 
expreſſed in the Form of Surd Roots: Thus, : 4- 


72 7.27, Cc. ſignifie, 2, 1, 3, &c. 


But altho' theſe Surd Roots (when truly ſuch) are 
inexpreſſible in Numbers, they are yet capable of A- 
rithmetical Operations (ſuch as Addition, Subtracti- 
on, Multiplication, Diviſion, Cc. which how readily to 
perform the Algebriſt ought not to be Ignorant. 

Surds are either Simple, which are expreſſed by one 
ſingle Term; or elle Compound, Which are formed by 
the Addition or Subtraction of Simple Surds: As 


. +825 V:5—V:2. or VI LViz: Which laſt 
is called an Univerſal Root: And ſignifies the Cubick 


Root of that Number which is the reſult of adding 7 10 
the Square Root of 2. 


The Arithmetick of Surds conſiſts of theſe 


principal Parts. 


I. To reduce Rational Quantities to the Form of any 
Surd Roots aſſigned. 


Which is perform'd by Involving the Rational Quan» 
tity according to the Index of the Power of the Surd, 
and then prefixing before it the Radical Sign of the 
Surd propoſed. 

Thus to reduce 4 = 10 to the Form of /: 15. =}; h. 
you muſt Square-4=10; and prefixing the Sign, it 
will ftand thus, y;a44=v; 1co. which is in the 
Form ef the Surd defired. So allo if 3. were to be 

brought 
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4 
brought to the Form of /: 12, you muſtraiſe 3 up to its 
fourth Power, and then prefixing the Note of Radi 


45 I 
cality to it, it will be /;$1. or 814. which is in the 


4 

ſame Form with F 12. 
And this way may a Simple Surd Fraction, whoſe 
Radical Sign refers only ro one of its Terms, be chan- 
ged into another, which ſhall reſpe& both Numeratcr 


and Denominator. Thus, 2 is reduced to : — 
25 
5 


5 7" 22 | 
and , tov; 5 : Where the Radical Sign af. 
fefts both Numerator and Denominator alike. 


II. To Reduce Simple Surds, having different Radical Signs 
(which are called HZeterogeneal Surds,) to others that 
may bave one common Radical Sign. 


Divide the Index of the Powers of the Surds by their 
greateſt common Diviſor, and ſet the Quotients under 
the Dividends; then multiply thoſe Indexes croſs- ways 
by each others Quotients, and before the Products ſet, 
the common Radical Sign : with its proper Index: 
Then Involve the Powers of the given Roots Alternate- 
ly, according to the Index of each others Quotient, 
and before thoſe Products, prefix the common Radi- 
cal Sign before found. 


To Reduce 7: 4 aand 760 To Reduce V: 5 and 5. 7. 


2) V4 4 2)v:bb 1:5 1) 577 
XN 
4 4 1 * 
7: FV 42 7149 V. 625 
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III. To Reduce Surds to their loweſt Terms poſſible, 


Divide the Surd by the greateſt Square, Cube, Biqua- 
drate, Cc. or any other higher Power, which you can 
diſcover is contained in it, and will Meaſure it without 
any Remainder, and then prefix the Root of that Pow- 
er before the Quotient, or Surd fo divided, and this 
will produce a new Surd of the {ame value with the 
former, but in more Simple Terms. Thus, : 16 4 4 b, 
by dividing by 1544 and prefixing the Root 4 4, will 
be reduced to this 4 4 /: b and /: 12 will be depreſs'd 


to 2 /: 3. Allo 7.55 , will be brought down to 


by :c!1. And this Reduction is of great Uſe whenever 
it can be perform'd ; But if no ſuch Square, Cube, Bi- 
quadrate, Oc. can be found for a Diviſor; then you muſt 
find out all the Diviſors of the Power of the Surd pro- 
poſs d; And then fee whether any of them be a Square, 
Cube, Cc. or ſuch a Power as the Radical Sigu de- 
notes; and if any ſuch can be found, let that be uſed 
in the ſame manner as is above ſaid, to free the Surd 
Quantity in part from the Radical Sign. Thus, if 
7288 be propos'd; among its Diviſors will be found 
the Squares 4. 9. 16. 36. and 144. by which if 288 
be divided, there will ariſe the Quotients 72. 32. 18. 
8, and 2. wherefore inſtead of y: 288, you may put 
2:72. or 3V:32. or 4 /: 18. or 6 8. or laſtly, 
12 /: 2. and the ſame may be done in Species. 


IV. To find whether two Surd Roots given are Commen- 
ſurable or not. 


Thoſe are called Commenſurable Suris, which are 
to one another as Number to Number, as one Kati- 
onal Quantity to another; or which are, when re- 


duced to their leaſt Terms, true Figurate Quantities of 
their own kind. 


To 
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Io diſcorer therefore, whether they are ſuch or not: 
It the Surds are of different kinds (or Heterogenedl 
Surds as ſome call them,) they muſt firſt be reduced to 
one kind, and then divided ſeverally by their greateſt 
common Meaſure, for if then there will come out Ra- 
tional Quotients, the firſt Surds are Commenſurable 
but if the Quotients are Irrational or Surd Numbers or 
Quantities, then the propoſed Surds are Incommen- 
ſurable. 

F. gr. To Examine whether V: 12. and /: 3. are 
Commenſurable Surds; they being Homogeneal, 1 
divide them ſeverally by their greateſt Common Di- 
viſor, Which is /: 3; and the Quotients are V: 4. and 
V: 1. that is 2 and 1, Wherefore, ſince 2 and 1. are 
Rational Numbers, I ſay that /: 12 and /: 3 are Com- 
menſurable Surds; or are to one another, as 2 to 1. 
which is very plain; for no doubt 12. 3: : as 4. 1. and 
*tis plain, that as Squares are to one another, ſo are 
their Roots; wherefore 12. 3. as /: 12. V: 3. that is, 
as, Vid. V/: 1. or as 2. to 1. 

Whenever two Surds are divided by one common Di- 
viſor, (tho' not the greateſt), if their Quotients come 
out Rational, or are to one another as Number to 
Number, thoſe Surds are certainly Commenſurable. 

If Fractional Surds were given, not having a com- 
mon Denominator, they mult firſt be reduced to their 
ſmalleſt common Denominator, and then if their Nu- 
merators are commenſurable, you may conclude the 
firft Surd Fractions were ſo. 

But if either the Numerators or Denominators of 
two Surds proper Fractions, or mixt Numbers in the 
form of Fractions (neglecting the Radical Sign) be 
Powers of that kind which the Radical Sign expreſſes, 
then they will need no Reduction: For if their Nume- 
rators or Denominators are Commenſurable, the whole 
Surd Fractions propoſed are certainly ſo. Thus it it 


were enquired whether : 75 and /. — are Com- 
I | 


menſureable Surds ; Becauſe 16 and 25 are Squarch 5 
uc 
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ſuch Powers as the Radical Sign Expreſſes or Denotes? 
omitting the Sign /: you need only compare the Nume- 
rators Y: 50. and /: 72; which being divided by their 
greateſt common Diviſor, V/: 2, the Quotients will be 
5 and 6 (i. e. /: 25 and V: 36) Wherefore the given 
Surds are Commenſurable, and are to one another, as 


7 to - and conſequently, by the precedent Rule 


may be expreſſed thus, 4 V:2 and = 7:2. 


5 
For an Inſtance in Species; ſuppoſe that it were en- 
quired whether /: 2744 and : 12 44 were Commen- 
rable Surds; Pivide each by the greateſt commou Di- 
viſor, /: 3 44: And the Quotients 7: and : 4. that 
is, 3 and 2. are Rational Numbers; and conſequently, 
the propoſed Surds are Commenſurable. 


. ' & 1 . . 
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Multiplication of Simple Surd 
Roots. 


P the Surds prox oſed be of the ſame kind, Multiply 
them one by another, and prefix the common Ra- 
dical Sign to the Product; but if the Surds are Hetero- 
geneal, or of different kinds, they muſt be reduced 
firſt, (according to Rule 2.) to Surds having the ſame 
Radical Sign. 


, Om to Multiply V/: 7 by /: 8. the Product will be 
36. 


for ſince in all Multiplication, as 1. is to one Fa- 


cor, ſo is the other to the product; therefore here 

: 1. /: 7. :: V: 8. /: 56. But as Roots are, ſo will theic 

Squares be; wherefore 1. 7 :: 8. 56. that is 55 is the true 
P 


Square 
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N of V: 56. and /: 56. the true Root of 78 
256. | 

Other Examples. 


I. It /: 8 were to be Multiplied into 7 4. becauſe 
they are not Homogeneal Surds, they muſt be reduced 
to ſuch by Rule 2. and then they will ſtand thus, 


7 2512 7 16 which being Multiplied into each other, and 
the common Radical Sign prefix d will make y: 8193. 
, 3 
and thus the /: 27 Multiplied by y: 9. when reduced, 
E 
and rightly Multiplied produces y: 531441. 

II. When a Surd is to be Multiplied by a Rational 
Quantity, that Rational Quantity ought firft to be re- 
duced to a Surd of like Nature with the true Surd. But 
tis oftentimes convenient only to connect them toge- 
ther, by prefixing the Rational Quantity to the Left- 


hand of the Surd. ' As ſuppoſe /: 27 were to be Multi- 
plied by 6, the Product may commodieuſlly be expreſſed 


thus, 6V:-27. and ſo if 7. 9 were to be Multiplied by 
Io. it will ſtand thus, 10 / 9. 


1 III. And when two Rational Quantities are thus 
| prefix d to two Surds of the ſame kind, you may find 
the Product of them by Multiplying the Rational Part 
by the Rational, and the Surd Part by the Surd, then 
thoſe joined together will be the Product required. 


Thus 6 y: 7 Multiplied by; 7. 3 Produces 30 y: 21. 


IV. If any Surd Root be to be Multiplied into it ſelf 
or Involved, according to the Index of its proper Pow- 
er, you need only caſt away the Radical Sign, and then 
the Quantity or Number remaining is always the Square, 
Cube, or other Power required; and will always be 
Rational. Thus the Square of /: 11 is 11. Ol 
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of V: 30. is 30. alſo 2 J: 3 Multiplied by 8: 3 = 48. 
and 3 /: 5. Multiplied by 2 V: 5 = 30. 


V. And it the Index of the Power be any even 
compound Number greater than two, and 'tis required 
to ſquare ſuch a Surd : There need only a Radical Sign, 
whoſe Index is half the former, be prefix'd to the Quan- 
tity, inftead of the former Compound one, and it is done. 


4 
v. gr. Suppoſe you would Square this Surd, V: 12; be- 
cauſe the Index 4 is compounded of 2 and 2; V: 12. is 
the true Product; or the true Square o! the Surd 


Root 7. 12. ſo alſo the Square of /: 10. is V. 10. 

But when a Simple Surd Quantity, whoſe Radical 
Sign hath for its Index ſome Ternary Number great- 
er than 3. as 6, 9, Cc. And 'tis required to Inyolve 
this Surd Cubically. Then only prefix before the Quan- 
tity a Radical Sign with an Index which is one third of 


the former, and 'tis done. Thus if y: 64 were to be 
Cubed, it will be /;54. and the Cube of /: 512. is 


7: 512, Oc. alſo the Biquadrate of y: 8. is 25 (as 
being the Square of the Square of : 5.) And the Cube 


8 ; 
of /: 81 will /: 81 or 9. | 

In the general, to Square, Cube, &c. any Surd Root, 
is only to Square or Cube the Power, retaining the 
ſame Note of Radicality ; but 'tis better where it can 
be done, to take one half, + Part, Oc. of the Exponent 
of the Root, as is above thewn in the laſt particular 
Rules. (On the contrary, it you would extract the 
Square, Cube or other Root, of any Surd, you muſt 
double or triple, Oc. the Exponent of the Radicality, 


Thus the Square Root of y: 15s 7 18. the Square 
Root of J: 27 is {: 27. Ge.) ö 
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2 of V: 56. and /: 56. the true Root of 7 * 8 
— 5 2 ; 
Other Examples. 


I. It /: 8 were to be Multiplied into 2 4. becauſe 


they are not Homogeneal Surds, they muſt he reduced 


to ſuch by Rule 2. and then they will ſtand thus, 
7 512 7. 15 which being Multiplied into each other, and 
the common Radical Sign prefix d will make V. 9193. 
and thus the 7. 27 Multiplied by /: 9. when reduced, 
and rightly Multiplied produces 7 531441. 


II. When a Surd is to be Multiplied by a Rational 
Quantity, that Rational Quantity ought firſt to be re- 
duced to a Surd of like Nature with the true Surd. But 
tis oftentimes convenient only to connect them toge- 
ther, by prefixing the Rational Quantity to the Left- 
hand of the Surd. As ſuppoſe /: 27 were to be Multi- 
plied by 6, the Product may commodiouſly be expreſſed 


thus, 6 / 27. and ſo if 79 were to be Multiplied by 
4 
10. it will ſtand thus, 10 /: 9. 


III. And when two Rational Quantities are thus 
prefix d to two Surds of the ſame kind, you may find 
the Product of them by Multiplying the Rational Part 
hy the Rational, and the Surd Part by the Surd, then 
thoſe joined together will be the Product required. 


Thus 6 2 7 Multiplied by 5 7. 3 Produces 30 V 21. 


IV. If any Surd Root be to be Multiplied into it ſelf 
or Involved, according to the Index of its proper Pow - 
er, you need only caſt away the Radical Sign, and then 
the Quantity or Number remaining is always the Square, 
Cube, or other Power required; and will always be 
Rational. Thus the Square of /: 11 is 11, The One. 

* 0 
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of Y 30. is 30. alſo 2 J: 3 Multiplied by 8 /: 3 = 48. 
and 3 /: 5. Multiplied by 2 /: 5 = 30. 


V. And it the Index of the Power be any even 
compound Number greater than two, and tis required 
to ſquare ſuch a Surd : There need only a Radical Sign, 
whoſe Index is half the former, be prefix'd to the Quan- 
tity, inſtead of the former Compound one, and it is done. 


4 
v. gr. Suppoſe you would Square this Surd, /: 12; be- 
cauſe the Index 4 is compounded of 2 and 2; V: 12. is 
the true Product; or the true Square o! the Surd 


Root 7. 12. ſo alſo the Square of /: 10. is y: 10. 

But when a Simple Surd Quantity, whoſe Radical 
Sign hath for its Index ſome Ternary Number great- 
er than 3. as $,9, Cc. And tis required to Involve 
this Surd Cubically. Then only prefix before the Quan- 
tity a Radical Sign with an Index which is one third of 


the former, and *tis done. Thus if 7. 64 were to be 
2 E 
Cubed, it will be V: 54. and the Cube of /: $12. is 


7: $12, Cc. alſo the Biquadrate of : 8. is 25 (as 
being the Square of the Square of y; 5.) And the Cube 


5 
of /: 81 will /: 81 or 9. 

In the general, to Square, Cube, &c. any Surd Root, 
is only to Square or Cube the Power, retaining the 
ſame Note of Radicality; but tis better where it can 
be done, to take one half, + Part, Oc. of the Exponent 
of the Root, as is above thewn in the laſt particular 
Rules. (On the contrary, if you would extract the 
Square, Cube or other Root, of any Surd, you muſt 
double or triple, Oc. the Exponent of the Radicality. 


Thus the Square Root of ul *151s 5 18. che Square 
Root of 2 27 is 7. 27. Oc.) | 
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Diviſion of Simple Surd Roots. 


I. IF the Surds are Similar, Homogeneal, or of the 
ſame kind, divide one Number or Quantity by ano- 
ther, and prefix the common Radical Sign to the Quo- 


tient: But it they are Heterogeneal, or not of the 


ſame kind, they muſt be reduced before they can be di- 
vided, Thus, V: 9) V: $76 (V: 64 = 8, And 
V: 5 (V 35 (7. 

The Demonftration of which General Rule is the 
fame as that in Multiplication ; for from the Nature of 
Diviſion, the Diviſor is to Unity :: as the Dividend, 
to the Quotient. Therefore in our firſt Inſtance, 
V: 9. V: 1 2: V 576. /: 64. but as theſe Roots are, 
ſo will their Squares be: That is, 9. 1 :: 576. 64. and 
that theſe Numbers are truly Proportional, is appa- 
rent; becauſe the Rectangles of the Extreams and 
Means are equal: Wherefore, /: 9. J: 1 :: V. 576. 
V: 64. and conſequently 64 is the true Quotient. 


IT. Tf any Rational Quantity be to be divided by its 
Square Root, the Square Root will be the Quotient; 
For if 26 be divided by /: 4b, the Quotient muſt be 
V:4b: And if 0 be divided by y: 50, the Quotient 
will alſo be /:50. Alſo if any Rational Quantity be to 
be divided by a Surd, that Rational Quantity muſt firſt 
be reduced to the Form of a Surd by Rule 1, 


III. When a Surd Root having a Rational Quantity 
prefix'd before it, is to be divided by the Surd Part of 
it, the Quotient will be the Rational Quantity. Thus, 
if 5 /: 9, be to be divided by v: 9, the 5 7 muſt 
de 53: As if 5 : 9 had been divided by 5, the Quotient 
would be 7: 9. | | 


IV. When 
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IV. When the Dividend and Diviſor are the Products 
of two Rational Quantities Multiplied ſeverally into 
one common Surd; or when they are Rational Quan- 
tities prefix d before one Common Surd ; then divide 
the Rational part of the Dividend, by the Rational 
Part of the Diviſor, and what reſults is the true Quo- 
tient. Thus, if 8 / 5 be divided by 2 y: 5, the Quo- 


tient will be 4, and if 8: 7 by divided by 4 V. 7, the 
Quotient will be only 2. 


v. But when the Dividend and Diviſor are two Ra- 
tional Quantities or Numbers prefix'd to two unequal 
Surds; then you muſt divide, not only as before, the 
Rational Part of the Dividend by that of the Diviſor, but 
alſo the Surd Part; and thoſe two Quotients connected 
together, ſo as the Rational Part ſtand on rhe Left- 
hand, are the true Quotient ſought, Thus, if 4V: 15 
were to be divided by 2 V/: 5, the Quotient will be 
2vV:3 (SV: $2.) and if 4 ,: 12, were to be divided 


by 3 V/: 2, the Quotient will be 5 V: 6. 


The 


(110) 


Addition and Subtraction of Surd 
Roots. 


J. Hen two or more Simple and Equal Surds are 

to be Added,. Multiply one of them by the 
Number of them all, and the Produtt is the Summ re- 
quired, Thus the Summ of /: 5 and : 5, is the V: 20; 
becauſe /: 5 Multiplied by 2, the Number of the Surds, 
that is by V: 4, gives /: 20 their Summ. Alſo the 


Summ of V: 7 + 7. 14-v: 7 becauſe the Surds are 
n z 

3 in Number, is /: 189; becauſe y: 7 Multiplied by 

3 (i. e.) the 1. of 27 makes : 189. 


II. But if Unequal Simple Surds of the ſame kind are 
to be Added together, or it one be to be Sabtracted from 
the other, you muſt firſt try whether they are Commen- 
ſurable; and if they be, that is if when they have 
been divided by their greateſt common Diviſor, their 
NQuotiznts are Rational Quantities, then you muſt Mul- 
tiply the Summ of thoſe Rational Quantities by the ſaid 
Common Diviſor, and the Product will be the Summ of 
the Surds propoſed : Or if the Difference of thoſe Rati- 
onal Quotients be Multiplied by the Common Diviſor, 
then the Product will be the Difference of the given 
Surds, when the leſs is taken from the greater. # 

Thus if the Summ or Difference of theſe two Surds, 
#:50 and : 8, were required; becauſe they are une- 
qual, I try firſt whether they are Commenſurable or not 
by Dividing each by the greateft common Diviſor V: 2. 
And the Quotients are /: 25 and V: 4, that is 5 and 2, 
which are Rational Numbers; and therefore the Surds 
are Commenſurable : Then their Summ 7, or their 


Difference 3, Multiplied by the common Diviſor 7: 2, 
; pro- 
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produces 7 V: 2 for the Summ, and 3 Va for the Diffe- 
rence of the Surds required. 28 


III. If the Commenſurable Surds propoſed had been 
Fractions, or Mixt Numbers reduced ro the Form of 
Pratt. ons; they muſt (if they have not one) be redu- 
ced to a common Denominator in the leaſt Terms; and 
then to find out the Rational Quotients, you need only 
Divide the two New Numerators, by their greateſt 
common Diviſor; and then you muſt go on as above, 
in Integral Surds. 


Thus if the Summ and Difference of 7: 5 and 


2 
J: — were required: When reduced to a common 
3 


Denominator, they will be 15 al d 755 and theſe 
5 


Divided by their greateſt common Diviſor 7: the 
75 


Quotes are 725 and 28 ors v: and 5 /. 
75 75 75 75 


whoſe Summ is /: 11 — and their Difference 1 v: = 
15 75 


IV. If the Simple Surds given to be Added or Sub- 
tracted are Incommenſurable, then they can only (ge- 
nerally ſpeaking) be Added or Subtracted by the Signs 
＋ and — : For neither Summ nor Difference can be 
expreſs d by any Single Root. And from this Additi- 
on and Subtraction of Simple Surds only by the Signs, 
ariles what they call a Surd Binomial or Reſidual Root. 
Thus, /: 6 + V: 7. is a Binomial Surd, and /: - V: 
's a Reſidual Surd. 


But 
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But from Prop. 4. and 7 of Euclid's 2d. Book, there 
ariſes a Rule which helps us to find the Summ or Dif- 
ference of Incommenſurable Square Roots: Which 
Rule is this, To or from the Summ of the Squares of 
the given Surd Roots, Add or Subtratt ibeir double Red- 
angle, and the Square Root of the Summ or Remainder, i; 
the Summ or Difference ſought. e.gr. To find the Summ 
and Difference of /: 14 and y: 12. their Squares being 
14 and 12, their Summ will be 26, and the Double 
Rectangle of .: 14 into J: 12. is2 /: 158. Wherefore 


| . . Summ : 
y: 267 2 V:168. is the 7 — © required, 


Of Compound Surds. 


TX: HE Arithmetick of Compound Surds depends 
on the Rules above given about Simple Surds, 
and on the true knowledge of the Signs ＋ and — in 
Algebraick Addition, Subtrattion, Multiplication and 
Diviſion ; only ſome particular Directions may be given 
as to Binomials and Reſiduals: as, 


I. If any Binomial be to be Multiplied by its corre- 
ſponding Reſidual, the Difference of their Squares is 
the true Product; And therefore will come out a Ra- 
tional Quantity, as if /: 4 ＋ e be Multiplied by /: 4 — e, 
the Product will be a Rational Quantity, vi. 44 — ee. 


II. Involution in Binomials and Reſiduals, is beſt 
and moſt eaſily performed by a Table of Powers: As 


becauſe we ſee that 424-2 4e+ee=0O) a+e. We 
may conclude that to Square any Binomial whatſoever z 
you need only add the double Rectangle of the Parts 


to the Summ of the Squares of thoſe Parts: or wy 
t 
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the double Rectangle from that Summ, if it be a Re- 
ſidual. 


III. For Diviſion in Compound Surds, tis conveni- 
ent, if not neceſſary, to reduce them firſt, to ſome bet- 
ter, and when it can be done, to a Rational Form. And 
(I.) if a Binomial conſiſting of two Simple Square 
Roots, or of one Square Root and a Rational Quantity, 
be Multiplied by its correſponding Relidual, the Pro- 
duct will always be a Rational Quantity. (2.) If a Bi- 
nomial conſiſtng of two Biquadratick Simple Roots, 
or of one ſuch, and a Rational Quantity; if this be 
Multiplied by its correſponding Relidual, the Product 
will be a Reſidual conſiſting of either two Square Roots, 
or elſe of one Square Roota Rational Quantity, which 
Reſidual being Multiplied, as js before laid, by its Bi- 
nomial Produces a Rational Quantity. (3.) If a Trino- 
mial having three Simple Square Roots, be Multiplied 
by it ſelf, with one of the Signs changed; the Product 
will be either a Binomial or Reſidual, which being 
Multiplied by its correſpondent Reſidual or Binomial, 
will give in the Product, a Quantity entirely Rational. 


TV. If a Binomial or Reſidual, conſiſting of two 
Simple Cubic or Biquadratick Roots, Cc. or of one 
Cubick or Biquadratick Root, Cc. and a Rational Quan- 
tity is propoſed for a Diviſor; find ſo many continual 
Proportionals in the Proportion of the Parts of the Bi- 
nomial or Refidual propoſed, as there be Unites in the 
Index of the Radical Sign, and ſuch whoſe Radical 
Sign may be the ſame with that of the Parts of the Bino- 
mial or Reſidual z but conjoined in the Binomial by ＋, 
and in the Proportionals by ＋ and — alternately; or 
contrarily, in the Proportionals by &, and in the Re- 
ſidual by + and —; the Product of the ſaid Propor- 
tionals ſo connexed Multiplied into the Binomial or Re- 
ſidual, will be a Quantity entirely Rational. After the 
ſame manner may a Binomial or Reſidual, having 3 or 
6, Fc, for the Index of the common Radical Sign of the 

Q Roots 
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Roots, be reduced to a Quantity entirely Rational. 
And Note, that when the Roots are of Different 
kinds, they muſt firſt be reduced to a common Radical 
Sign. 


V. If the Diviſor be a Simple Quantity, Divide each 
part of the Dividend by the Diviſor, and connect thoſe 
particular Products together by their Signs; but if the 
Diviſor be a Binomial, Trinomial or Quadrinomial, Cc. 
of ſuch kind as beſore is ſpecified, reduce that given 
Diviſor to a new Diviſor that may be a Simple Rational 
Quantity. Reduce alſo, the given Dividend to a new 
Dividend, by Multiplying the former by the Quantities 
that were Multiplicators, in reducing the given Diviſor 
to a Rational Quantity ;. then Divide the new Dividend 
by the new Diviſor : But when the Diviſor cannot be 
reduced to a Simple Rational Quantity, ſet the Divi- 


dend as a Numerator, over the Diviſor as a Deno- 
minator. 


Thus, 12 / 63 Divided by 3, the Quotient is 
A7; and 8 — /. 12 Divided by 2, the Quotient 
is 4— / 3; V:21+yv: 15 Divided by V: 3, the Quo- 
tient is 7:7 T 5; V. 56 +: 24 Divided by 7: 6, the 
Quotient is V: 9 2 +2 : and V:28 — Y; 14 Divided by 
V: 7, the Quotient is /: 4 — V3 2. 
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FLUXIONS. 


HERE being nothing Pub- 

liſh'd on this Subject in our 

own Language, and yet the. 
vaſt uſe of this Method of Inveſtigation, 
being as conſpicuous, as it is wonder- 
ful: I thought it proper to give a ſhort 
account of it here, 

By the Doctrine of Fluxions, then we 
are to underſtand the Arithmetick of 
the Infinitely ſmall Increments or Decre- 
ments of Indeterminate or variable Quan- 
tity, or as ſome call them the Moments 
or Infinitely ſmall Differences of ſuch vari- 
able Quantities. "Theſe Infinitely ſmall 
Increments or Decrements, our In- 
comparable Mr. Iſaac Nemton, calls very 
properly by this Name of Fluxiozs : For, 
as Indeterminate and variable Quanti- 
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116 Of Fluzions. 
ties, viz, ſuch as in the Generation of 
Curvilineal and other Figures, by Local 
Motion, are continually Increaſing or 
Diminiſhing, he rightly Denominates, 
Flowing Quantities : As being ſuch as are 
perpetually augmented or lefſen'd by the 
Flux or Motion of a Line, Surface, &c. 
So he calls the Celerity or Velocity of the 
Augmentation or Diminution of theſe 
Flowing Quantities, by the Name of 
Flaxions. And becaule all Figures may 
be conceived to be generated by Local 
Motion; as is now very commonly ſup- 
poſed among Geometers: Therefore tis 
much more Natural to conceive the In- 
finitely ſmall Increments or Decrements 
of the variable and Flowing Quantities, 
under the Notion of Fluxions, than un- 
der that of Moments or Infinitely ſmall 
Differences, as Leibnits, Niementiit, and 
the Noble Author of Analyſe des Inſini- 
ment Petits chuſe rather to take them: 
Tho? even that way alſo is not without 
its Uſe in many Caſes. 

The Excellent Mr. Nemton ſuppoſes 
the Abſciſſa of a Curve, or any other 
Flowing or variable Quantity to be 
uniformly Augmented, and therefore 


for 
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for its Flaxiow he puts 1. or Unity. And 
the other Flowing Quantities he denotes 
uſually by the Letters v, x, ), z. and ex- 
preſſes their Fluxions by only repeating 
the ſame Letters with Points or Pricks 


over their Heads; thus, v, x, y, = : 
Which are the Fluxions of the former 
Flowing Quantities. And this Method 
is much more natural and {ſhorter than 
Niewentiit's, or the French one with the 
Differential 4 Multiplied into the Flow- 
ing Quantity, to denote the Fluxion. 
And becauſe theſe Hluxions them- 
ſelves are alſo Indeterminate and Va- 
riable Quantities, and do continually In- 
creaſe or Decreaſe, or grow greater or 
leſſer. Therefore he conſiders the Ve- 
locities with which they do ſo Increaſe 
or Diminiſh, as the Fluxions of the for- 
mer Flaxions : And thoſe may be called 
Second Fluxions, and are noted with two 


Points over them; thus, , x, =. And 
if you go on again, and conſider the 


perpetual Augmentation or Diminutioii 
of theſe, as their Fluxions alſo, you 


may make third, fourth, or filth Fluxi- 
ons, 
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ons, &c. which will be noted thus, 5 x, 2: 


„„ X, æ; 3 x, 2 2: And fo on ad Infint- 
tam. Tf the Flowing Quantity be a 
Surd or a Fraction, he thus expreſſes its 


Fluxion ; let the Surd be /: 2 — 5 its 


Fluxion is /. 4. r And the Fluxion 
& ** X. * 


of the Fraction , f meme is "= 51 Dr. 
Wallis's Lat. Edit. p. 392. 


The main Buſineſs of the Algorithm 
or Arithmetick of Fluxions, conſiſts 1 in 
theſe two Things. 


I. From the Flowing Quantity given, to 
find the Fluxion. 


IL. From the Fluxion, to find the Flow- 
ing Quantity 


As to the former of theſe, the Lear- 
ned Dr. Wallis, in the place above men- 
tioned, (from Mr. Newton's Papers ) 
gives this general Rule, 


Let 
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Let each Term of the Equation be Malti- 
plied ſeparately by the ſeveral Indexes of 
the Powers of all the Flowing Quantities 
contain d in that Term: And in every 
ſuch Multiplication let one Root or Letter 
of the Power be changed into its proper 
Fluxion : So ſhall the Aggregate of all 
the Products connected together by their 
proper Signs be the Fluxion of the E- 
quation dt ſired. 


And all the Caſes of it are demon- 
ſtrated by Mr. Iſaac Newton in Prin. Phil. 


Math. p. 252, 253. which I ſhall exem- 
plifie by particular Inſtances. 


I. In the General to expreſs the Fluxi- 
ons of Simple variable Quantities, as was 
ſaid before, you need only uſe the Let- 
ter or Letters which expreſs them, with 
a {mall Point over their Heads. Thus, 


the Fluxion of x is x, and the Fluxion 
of is y, and the Fluxionof x+34+v+£ 
is K . &c. 


And 
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And (Inverſely) the Flowing Quan- 
ties in this caſe will be eaſily had from 
the Fluxions, by only writing the Let- 
ters without the Points over them. 


N. B. For the Fluxion of Permanent 
Quantities, when any ſuch are in 
the Equation, you muſt imagine 
o or a Cypher; for ſuch Quanti- 
ties can have no Fluxions properly 
ſpeaking, becauſe they are with- 
out Motion, or Invariable. 


IT. To find the Fluxions of the Pro- 
ducts of two or more Variable or Flow- 
ing Quantities ; Multiply the Flaxion of 
each Simple Quantity, by the Factors of the 
Products, and connect the laſt Products by 
their proper Signs. 


Thus the Fluxion of xy is xy + &, 
and the Fluxion of x 5 is xy AK 
25, and the Fluxion of xvyz is 
* vA + uV E D, 
and the Fluxion of «+ x * by b—y 


(the common Product being 44 +6 x 


of Fluxions: 121 
—y4— xy) will be S -= a- x85 
. Ns 

The Inverſe of this Rule finds alſo 
(in this caſe) the Flowing Quantity from 
the Flusion, viz. If each Member of 
the Fluxion be divided by the Fluxion- 
ary Quantity or Letter : For then the 
Quotes connected by their proper Signs 
will be the Flowing Quantities ſought: 
Only if the Letters all be exactly the 
ſame, the Flowing Quantity will be a Sim- 
ple one, whoſe parts are not to be Con- 
nected together by the Signs + and —, 
as in the firſt three Examples of this Rule: 


III. To find the Fluxion of any Fra- 
ction. Multiply the Fluxion of the Na- 
merator by the Denominator, and after it 
place (with the Sigh —) the Huxion of the 
Denominator into the Numerator ; And 
Divide the whole by the Square of the De- 
naminator. 


Thus the Fluxion of 4 15 SECS 
J JF : 
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| a WP, —X4 
and the Fluxion of — will be . 
10 * * 


For the Permanent Quantity 4 having 
no Fluxion, there can be no Product of 


the Fluxion of the Numerator into the 
Denominator, as there would have 


been, had 4 been x, æ, or any other Va- 
riable Quantity. 
Alſo the Fluxion of = will be ; 
4 a 4 


f * . 
and the Fluxion of pe eg will be 


X4a4+ XX — XX 15 X 4 
a4 T2244 R + xXx aa ＋2⁊A&R TK && 


becauſe —x x and + xx deſtroy one 


another : Alſo the Fluxion of - or x—1 


is . Herealfo the Reverſe of the 
x 

Rule ſerves to find the Flowing Quanti- 

from the Fluxion: As if the Flow- 


ing Quantity, of this Fraction were 
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quired * Firſt, Multiply it by 
the Square of the Denominator, and it 
will be xy — xy, from which take a- 
way — x y which was placed after it, 


and it will be xy; omit the Point and 
*tis x ), which becaule y is the Denomi- 


* 
nator of a Fraction, will at laſt be F* 


Before the Fluxions of any Power, 
whether Perfect or Imperfect, can be 
found; The following way of Notati- 
on mult be well underſtood. 


If a Series of Geometrick Progreſ- 
ſionals be in this Order. 


1. x. XX, & Xx x. x*, x*. x*5, „ . &c. 


Their Indexes or Exponents will be, 


„„ 23. 7. 4 $ EW 


R 2 But 


— — — — 
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But if they are Fractions; as, 
f 


1 1 
2 — — — — — — — — — 
* x 


* ex 42 


Then their Exponents will be Nega- 
gative; and ſtand thus, 


— 1. —2, — 3. —4- — 5. — 6, —7. 


Alſo the Exponent of v: * will be 
3, becauſe as v: & is a Mean Proporti- 
onal between 1. and x, So 3 is an Arith- 
metical Mean between o and 1. 


And the Exponent of Vx will be 3: 


becauſe as y: x is the firſt of the two 
Mean Proportionals between 1. and x, 
So + is the firſt of two Arithmetical 
Means between o. and I, 


Alſo, for the ſame Reaſon, the Ex- 
ponent « of 7. x*, will be . 


Thus 


K S 
be = 3 =_ 4 9 » ” 
a : 83 - | 
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Thus in Fractions: The Exponent 
„ 

of — will be — 1, of Tix? will be—2, 

of © will be , of 77 


866 * Cs. v 


1 


5 will be 


N. B. /: x and x?, or y: x and x? : or 


/:x*, and x*, are only two dif. 
ferent ways of Notation for one 
and the ſame thing, the former in 
the old, the latter in the zew 
Way. 


So hkewiſe — and x are all one: 
And 8 is X— 3, Cc. 


Note, Alſo, That the Summ of any 
two Exponents of two Numbers 
or Quantities, in any Geometrick 
Progreſſion, makes the Exponent 
of the Product of thoſe two Terms. 


Thus 


5 


1 
LE --- 
1 
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Thus & or x* is the way of 
expreſſing the Product of x3 into x?, 
and x or & 13 is the Product 


4 
of x into x. 


. 


* 


—42—4— — 
Ax 7] 7 orx is the Pro- 


duct of x? into it ſelf, or the Square 


of x . 


And the Difference between the Ex- 
ponents of any two Terms, is the Ex- 
ponent of the Quotient ariſing by Di- 
viſion of the greater by the leſs. 


"WoW ie | I. 
Thus, x* or x6 is the Exponent 
of the Quotient of x by x3, Cc. 


IV. This being well underſtood, 
there is this general Rule for finding the 
Fluxion of any Power, whether Perfect 
or Imperfect, viz. Multiply the Power 
(firſt brought one Degree lower ) by the In- 


dex 
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dex of that firſt Power ; and then, That 
Product by the Fluxion of the Root, 


Thus the Fluxion of x x will be 


2x x and the Fluxion of & will be 


J XXX: That of x* will be S* KN 


&c. or if expreſs the Index of an 
Power, as ſuppoſe x . Then its Fluxi- 


on will be „m- 1K or mx K* m1. 
If the Power be produced from a Bi- 
nomial, &c. as ſuppoſe x x + 2 xy +yy. 
its Fluxion will be 2 xx+2xy+2xy 
＋ 259, by working according to this 
fourth and the ſecond Rules. 
If the Exponent be Negative, as 


ſuppoſe x—n or —_ its Fluxion will 
be — m xx—m—1 :; Or if you would 


M KxK 14 
do it by way of Fraction - 7 


(for 
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(for the Square of xm is as well x27 as 
xm2) or according to Mr. Newton's 
way, which is yet ſhorter, Pr 
See Caſe 4. p. 252. of hi Principia. 


If the Power be Imperfect; i. e. if 
its Exponent be a Fraction, as ſuppoſe 
m 


V: xm! Or in the other Notation x * 
M 

Let ius ſuppoſe x * = z. Then if you 

raiſe up each Member to the Power of 

n it will ſtand thus, æm n. The 

Fluxion of which will be, by this ge- 


neral Rule, km IX - 1 2, 


mxxA— 


Wherefore z will be = non ty 
dividing both. Parts by aan i): and 


mo=-]l 


m n 1 N M-n 
| 1 4 
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by putting inſtead of 2 Zn its Value 


m 
222 
aA X Wl. 


And from hence Inverſely, to find the 
Flowing Quantity belonging to the 
Fluxion of any Power, whether Perfect 
or Imperfect; proceed thus, 


I. Take the Fluxionary Letter or 
Letters out of the Equation. 


II. Augment the Index of the Fluxi- 
on by 1. or Unity. 


III. Divide the Fluxion by the Index 
of its Power ſo increaſed by Unity. 


EXAMPLES. 


If 3 xxx were propoſed; by taking 


away x, it will be 3 x x: and by encrea- 
ſing its Index by Unity, it will be 
3xxx, Then dividing it by 3, its now 
(augmented) Index, the Quotient 
will be xxx, the Flowing Quantity 
required. | 


'Y Again, 
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n 
m 


* 1 


. E : | 
Again, ſuppoſe „* * a Fluxion 


propoſed ; by taking away the Fluxionary 
n 


8 3 
x, it will be —x : By augmen- 


ting the Index by Unity (i. e. taking 


Lada 9:6 

away the— 1.) it will be x : And 
laſtly, by dividing the remaining part 
of the Fluxion by = prefixed to, or 


Multiplied into x, the Quotient will be 


x"; Which is the Flowing Quantity 
ſought. 


The deſigned brevity of this Tract 
will permit me to give you only two 
Uſes of this Doctrine of Fluxions, 
which I hope may ſerve to give the in- 
quiſitive Reader a whet for a further 
| pur- 
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. of this Matter; and he will 
nd ſufficient Satisfaction, by peruſing 
the Authors above-mentioned, vis. 
Newton, Wallis, Niewentiit, Carre, Leib. 
aitz, (in the Act. Eruditor. Lipſiæ) and 
eſpecially the Marquis L'Hoſpital, his 
excellent Analyſe des Infiniment Petits: 
Conſult alſo the Ingenious Mr. Abraham 
de Moivre, Specimina Doctrinæ Fluxion- 
um in Philoſoph. Tranſat. N. 216. where 
you have much in a little on this Sub- 
ject. 


I. To find the Area of a Parabola. 

Let the Parameter be »= 1. let x= to 
the Abſciſſa, and y = to the Ordinate. 

Then by the property of the Carve 
x=7 y (becauſe p = 1.) 

And conſequently, by Extraction of 
the Square'Roots of each, and uſing 
the New Notation: x * = 9. And, 


Then Multiplying x? by x, the Fluxi- 
on of the Alſciſſa it will ſtand thus; 


x * = to the Fluxion of the Area. 
S 2 Laſts 
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Laſtly, find the Flowing Quantity 
anſwering to that Fluxion, and that 
ſhall give the Area in known Terms. 


U 


To do which; Firſt, take away x, 
and it will be x*. 


2. Encreaſing the Power of x* by 


Unity, it will ſtand x *. 3 
3. Divide 
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3. Divide x & * by 1 +2, ors; thus, 


3 ) £2 xx* {2xx*; the Quotient 


will be gay 
3 


Laſtly, inſtead of x* Subſtitute its 


Value or Equal): And it will be 3 x 
Sto the Area V And that doubled 
gives the whole Area of the Parabola 


mVO. 


\ 


ny 


II. To 
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II. To find the Point T, where T M 
being drawn, ſhall be a true Tangent 


to the Parabola. The Property of the 
Curve is px=9). 


1. Eind the Fluxion of that Equati- 
on, which is px=27575. Wherefore, 


3. X = 


Of Huxlon- 135 


L 


2. x= 2), 
7 


3. But by Similar Triangles, 3. 2”. 


=). = PT the Sub-tangent. 
J 


4. Therefore Subſtituting = 


(which is = x by Step 2.) inſtead of x 


it will be 29 =P T. 
JP 
5. And then by Expunging the Fluxi- 
onary , as being both above and below, 


ie will be = PT. 
Pp ' 
6. Inſtead of 5), put its Value px 


(See the Property of the Curve) it will 
ſtand 


S 0 " Ld wk $ 1 N 
4 = wy l 1 G 
\ — by 
8 11 by iy" l A 2 74 
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a PT. That is, by Ex- 
punging p. 

7. gzz= DT. QE. I 


Wherefore in the Parabola, the Point 
T is always Diftant from P the 
Foot of the Ordinate, by twice 
the length of the Abſciſſa. 


ſtand 


e 
1 
5 AU74 ' 
2 or 
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